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ABSTRACT 

We report the results of an optical campaign carried out by the XMM-Newton Survey Science Centre with the specific goal of 
identifying the brightest X-ray sources in the XMM-Newton Galactic Plane Survey of Hands et al. (2004). In addition to photometric 
and spectroscopic observations obtained at the ESO-VLT and ESO-3.6m, we used cross-correlations with the 2XMMi, USNO-B1.0, 
2MASS and GLIMPSE catalogues to progress the identification process. Active coronae account for 16 of the 30 positively or 
tentatively identified X-ray sources and exhibit the softest X-ray spectra. Many of the identified hard X-ray sources are associated 
with massive stars, possibly in binary systems and emitting at intermediate X-ray luminosities of 10 32 ~ 34 ergs _1 . Among these are 
a very absorbed likely hyper-luminous star with X-ray/optical spectra and luminosities comparable with those of 77 Carina, a new 
X-ray selected WN8 Wolf-Rayet star in which most of the X-ray emission probably arises from wind collision in a binary, a new 
Be/X-ray star belonging to the growing class of y-Cas analogs and a possible supergiant X-ray binary of the kind discovered recently 
by INTEGRAL. One of the sources, XGPS-25, has a counterpart of moderate optical luminosity which exhibits Hell /14686 and 
Bowen CIII-NIII emission lines suggesting that this may be a quiescent or X-ray shielded Low Mass X-ray Binary, although its X-ray 
properties might also be consistent with a rare kind of cataclysmic variable (CV). We also report the discovery of three new CVs, 
one of which is a likely magnetic system displaying strong X-ray variability. The soft (0.4-2.0 keV) band logN(>S)-logS curve is 
completely dominated by active stars in the flux range of lxl0~ 13 to lxl0~ 14 ergcirT 2 s . Several active coronae are also detected 
above 2 keV suggesting that the population of RS CVn binaries significantly contributes to the hard X-ray source population. In total, 
we are able to identify a large fraction of the hard (2-10keV) X-ray sources in the flux range of lxl0~ 12 to lxlO -13 ergcuT 2 s -1 with 
Galactic objects at a rate consistent with that expected for the Galactic contribution only. 



Key words. 

1. Introduction with ASCA dSugizakietal.ll2001l) . ASCA revealed the pres- 
ence of a genuinely Galactic population of low-luminosity non- 

The brightest X-ray sources discovered by the early collimator CQronal x . ray sourcefj which emk hard x . rays and m there . 

based experiments in operation in the 1970s were very lumi- fore detectable through large columns of i nter stellar absorp- 
nous (~ 10 JS erg s" J ) accretion-powered X-ray binaries located tion Howevel - the stm relative i y large positional errors affect- 
in our Galaxy (see e g. the fourth Uhuru catalogue of X-ray ing ASCA sources combined with the effects of the strong in _ 
sources;| Formanetal. | |1978|) . The dramatic improvement in sen- terstellar extinction in the Galactic Plane prevented their op- 
sitivity and spatial resolution afforded by the next generation of ^ identification in most cases . The p rospe cts for building 
instruments exploiting X-ray imaging revealed a Galactic land- a deta0ed censufj of ±e 1qw tQ intermediate x . ray luminos . 
scape with much larger numbers of lower luminosity systems ky sourcefj hafj now greatly improved with the launch of the 
powered by a wide range of physical processes. For example, chsmdra and XMM-Newton observatories. Thanks to their un- 
observations first with Einstein, and later with ROSAT, showed precedented sen sitivity and spatial resolution, these observato- 
that low Galactic latitude regions are crowded with a large num- riefj are able tQ study the properties of the faint x . ra y source pop- 
ber of low-luminosity sources in the X-ray bands explored by ulationfj throughout the Galaxy and most notably those present 
these two missions (0.5-4.5 keV and 0.2-2.4 keV for Einstein fa lar ge numbers i n the cent ral parts of the Galaxy ( Wan 2 et al. 
and ROSAT respectively). These soft sources are predominantly ^M2; Muno et al. 2003). The fields-of-view of the Chandra and 
identified with active stellar coronae (e.g. | Hertz & Gnndlay i XMM-Newton X-ray cameras are such that many serendipitous 
| 1984 | Motchetal. |Ll997). The first imaging hard (2-10keV) X- sources are seen in low . latitude fields in addition t0 the ri 
ray survey of the Galactic Plane was performed a few years later targetfj and ±e preliminary results of such surveys have already 

emerged in t he context of the Champlane and XMM-Newton 

Based on optical observations obtained at ESO under programmes C c/-^ FK. 1 — ni<-inmL lm 4 l — I — HItTwvtI Itt — ~a — I — Tl 

™ m ai a -m ™ n«o ssc surveys (Zhao et al. 2003; Motch et al. 2003; Hands et al. 

69.D-0143, 70.D-0227 and 71.D-0552 J 
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2004: lGrindlav et al.l2005UMotchl2006l) . A number of dedicated 
Galactic surveys involving either single deep observations or a 
mosaic of shallower exposures have also bee n carried out or are 
in progress, (e..g. the Galactic Centre region, iMuno et al.1l2003l 



Wiinands et al.l2006tlKoenig et al.l2008l:lRevnivtsev et al.1200 1 



Mun o et al.ll2009l) 

The nature of the intermediate- to low-luminosity Galactic 
hard X-ray sources discovered in the Galactic Plane surveys 
quoted above is only partially known. Cataclysmic variables 
(CVs) and quiescent X-ray binaries (both low- and high-mass 
types) account for a significant fraction, however, the exact na- 
ture of the majority of the sources detected in the central regions 
of the Galaxy remains doubtful in the absence of optical or in- 
frared identifications, which in most cases are hindered by the 
large interstellar absorption. 

The observation of intermediate- to low-luminosity Galactic 
X-ray sources can address many issues related to binary-star 
evolution and to accretion physics at low rates. In addition sur- 
veys which extend the search boundaries have the potential to 
improve our knowledge of source population statistics and to 
unveil rare types of compact X-ray-emitting systems which have 
a low space density in the local Galactic neighbourhood. For in- 
stance, the determination of the space density and scale height 
of CVs is relevant to estimates of the Galactic novae rate and 
connects to the origin of low-mass X-ray binaries and type la 
supernovae. Low X-ray luminosity but long lived evolutionary 
stages of classical low and high mass X-ray binaries could also 
be found in relatively large numbers if the pr edictions of some 
evolutionary scenarios are correct (see e.g. iPfahl et ail [2002; 
Will ems & Kolbl2003l) . Massive X-ray binaries are good proxies 
of relatively recent star-bursts and if detected in sufficient num- 
bers might give insight into the recent star-formation history of 
specific regions of our Galaxy. 

Moreover, no X-ray telescope planned in the foreseeable fu- 
ture will have the necessary spatial resolution and sensitivity to 
study in detail the distribution of these low- and intermediate- 
luminosity sources in external galaxies. Consequently, X-ray 
surveys of our own Galaxy and its Magellanic satellites will re- 
main for a long time the only means to study how the various 
X-ray emitting populations relate to the main Galactic structures 
such as the thin disc, the thick disc and the bulge. 

However, such studies presuppose the knowledge of the na- 
ture of the bulk of the X-ray sources surveyed, a prerequisite 
which can only be fulfilled through multi-wavelength spectro- 
scopic identifications. Nevertheless, the statistically controlled 
cross-correlation with large catalogues such as the 2MASS cat- 
alogue and/or with the recently made available source lists from 
the GLIMPSE surveys, provide useful information on the inten- 
sity and shape of the part of the spectral energy distribution in 
the observing windows least affected by line-of-sight absorption 
in the interstellar medium. 

The work presented here was carried out in the framework 
of a Galactic Plane Survey programme instigated by the XMM- 
Newton Survey Science Centre (SSC). The long term objective 
of this project is to gather a representative sample of identified 
low-latitude X-ray sources, which eventually could be used as 
a template for identifying and classifying in a statistical manner 
the entire catalogue of serendipitous XMM-Newton sources de- 
tected in the Milky Way region. Companion programs are being 
carried out at high Galactic latitu des using three sepa rate sam- 
ples of sources selec ted at faint (Furusawa et al. 2008), medium 
dBarcons et"aT1l2002l) and bright dDella Ceca et al.ll2004l) fluxes. 

In the first part of this paper, we recall the main proper- 
ties of the XMM-Newton Galactic Plane Survey (XGPS) of 



lHands et al] (12004) and describe the way a sub-sample of X-ray 
sources were selected for optical follow-up at the telescope. The 
following section explains the method applied to cross-correlate 
the XGPS source list with the USNO-B1.0 and 2MASS cata- 
logues and how identification probabilities were assigned to each 
optical or near infrared candidate. After a description of the ob- 
serving procedures, the next section presents in detail the re- 
sults of our optical spectroscopic identification campaign. The 
last sections discuss the log N(>S)-log S curves and the statistics 
of the various kinds of X-ray emitters identified in the soft and 
hard bands as well as their contributions to the genuine Galactic 
population of low to medium X-ray luminosity sources. 

2. The XGPS source sample 

The XGPS was the first survey of an extended segment of 
the G alactic Plane carried out by XMM-Newton (lHands et al.l 
2004). It covers a narrow strip of 1.2° in Galactic latitude, 
extending between 19° and 22° in Galactic longitude, cen- 
tered on the Galactic Plane and covering about 3 deg 2 . With 
an exposure time ranging between 6.6 and 13.7 ksec for the 
MOS cameras (but typically ~ 2 ksec less for the pn cam- 
era due to its longer set-up time), the limiting sensitivity is 
of the order of 4xl0~ 15 ergcirT 2 s _I in the 0.4-2 keV band 
and about 2xlO~ 14 ergcnT 2 s~ 1 in the 2-10keV band. The soft 
band sensitivity is about a factor 30 deeper tha n that of the 
ROSA T all-sky survey at low Galactic latitudes (e.g. Motc h et al.l 
fl997h . In hard X-rays, the XGPS reaches limiting fluxes a fac- 
tor 10 or more fainte r than the ASCA Galactic Plane Survey 
(Sugi zaki et al.l l200Tb . Chandra is in principle able to reach 
significantly fainter flux limits. For instance, t h e de ep obser- 
vation at I = 28.5°, b = 0° by Ebis awa et all (120051) detects 
sources down to ~ 3xl0~ 15 ergcirT 2 s _1 in the hard band and ~ 
2xl0~ 16 ergcm~ 2 s~' in the soft band. The Champlane project 
dGrindlav et all 120051) based on archive observations with a 
broad spread of exposure times spans a range of sensitivity ex- 
tending down to this deep survey limit. In summary, the XGPS 
can be described as a medium sensitivity survey offering unique 
coverage of several square degrees of the Galactic Plane around 
/ = 20° . This is a direction in which the line-of-sight column 
density, Nh, integrated through the Galaxy, ranges from log(Ne) 
= 22.5 to 23.5. It is also a region unhindered by the presence of 
one or more very bright Galactic sources (see lHands et"alll2004 
for more details). 

The ca talogue of X - ray so urces derived from the XGPS 
survey by lHands et aH d2004l) was based on a customized 
background-fitting and source-detection software package, that 
pre-dated the full development of the XMM-Newton Science 
Analysis Software (SAS). The very robust XMM-Newton X- 
ray source catalogues th at are now availabl e (e.g. the 2XMM 
and 2XMMi catalogues. IWatson etai1l2009l) . which utilise the 
latest software and calibration information, provide an oppor- 
tunity for consistency checking of the original XGPS data. In 
this context we have cross-correlated the original XGPS list of 
sources with the 2XMMi catalogue in order to retrieve fully up- 
to-date X-ray source statistics and parameters. Among a total 
of 424 original XGPS sources, 269 have a match within 20" 
with a 2XMM/2XMMi entry. This rather large search radius was 
chosen so as to cope with possibly large positional errors af- 
fecting some of the original XGPS source positions. Enlarging 
the search radius beyond 20" only brings a few extra matches. 
None of the new fields entered in the incremental version of 
the 2XMM catalogue (2XMMi) overlaps with the XGPS area 
and therefore, all matching sources also belong to the original 
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Fig. 1: Left: Histogram of distances between original XGPS positions and 2XMM positions. Right: Histogram of the XGPS MOS 
count rates for XGPS sources with a matching 2XMM entry (dashed red line) and without (plain black). The XGPS-2 field which 
is not part of the 2XMM catalogue has been excluded from the sample. 



2XMM catalogue^. Among the 155 XGPS sources not present in 
2XMM, 21 are located in the XGPS-2 field (Obsid 0051940201) 
which due to an ODF format problem could not be processed 
by the 2XMMi production pipeline. The distribution of the po- 
sitional offsets between XGPS and 2XMM sources plotted in 
the left panel of Fig. Q] shows that most matches occur at a 
distance less than 5" but that a small group of XGPS sources 
tend to be systematically offset by 12 to 14 arcsec. The posi- 
tions of only 22 of the 269 2XMM sources could be corrected 
for residual attitude errors by eposcorr. This SAS task cross- 
correlates the observation source list with the USNO-B1.0 cat- 
alogue and searches for systematic offsets and rotation of the 
EPIC field with respect to the optical astrometric references. 
Typically, raw positions have 90% confidence error radii of the 
order of 4-5" while attitude correct ed positions have 9 0% confi- 
dence error radii of the order of 3" dWatson et al.l2009h . The rel- 
atively low EPIC exposure times and consequently small num- 
ber of sources per observation combined with a high density 
of field stars at these low Galactic latitudes probably explain 
the failure of eposcorr to find significant correction patterns in 
most cases. This also implies that the XGPS-2XMM offsets are 
not due to the application/non-application of eposcorr, since no 
eposcorr-liks task was used to correct the original XGPS-I co- 
ordinates, but rather result from the different algorithms used 
for source centering and attitude reconstruction. XGPS sources 
without corresponding 2XMM entries tend to be significantly 
fainter than those having a 2XMM match as evidenced in the 
right panel of Fig. Q] It seems a reasonable conjecture that the 
134 XGPS sources not recovered in 2XMM have, in effect, a 
lower maximum likelihood than the threshold applied in 2XMM 
(ML = 6). As a consequence the fraction of spurious sources in 



1 The processing used to generate the incremental 2XMMi catalogue 
is the same as used for 2XMM. The 2XMMi catalogue has 626 more 
observations and about 17% more detections than the 2XMM catalogue 



this fainter sample may well be considerably higher than is the 
case for the confirmed XGPS/2XMM matches. 

As a second cross-check, in March 2008, we searched for 
Chandra observations covering the field of view of the XMM- 
Newton pointings involved in the XGPS. Unfortunately, the 
overlap is not large, with only 4 of the 22 XMM-Newton fields 
coincident with Chandra observations (obsids 5563, 6675 and 
7479). We extracted from the Chandra X-ray Center archive the 
source lists produced by the standard data processing and cre- 
ated by celldetect version DS7.6 for the total energy range. The 
merged ACIS source lists were then cross-correlated with the 
XGPS catalogue using a search radius of 20". The process re- 
sulted in only 16 source matches. We list in TableQ]the distance 
to the matching Chandra source of the XGPS source, of its cor- 
responding 2XMM entry and of the 2MASS entry matching the 
2XMM source when available (see below 33. lb . The quoted er- 
rors on the offsets between the 2XMM and Chandra source po- 
sitions were derived by adding the individual positional errors 
in quadrature. Chandra positions have a typical one <x error in 
the range of 0.1" to 0.6". The 2XMM entries are in most cases 
closer to the Chandra position than the original XGPS positions, 
reflecting the improved precision of 2XMM positions compared 
to those of the XGPS. Moreover, the 2XMM coordinates are 
in all cases but one consistent at the 90% confidence with the 
Chandra values. The group of XGPS sources located far (10 
to 17") from their 2XMM counterparts have Chandra positions 
consistent with those of the 2XMM source, clearly indicating 
that the large offset is not due to an attitude error in the 2XMM 
catalogue. Interestingly, the vast majority of the 2MASS candi- 
date counterparts are located less than 1 " from the Chandra posi- 
tion, the two discrepant cases being those for which the probabil- 
ity of identification, computed by the likelihood ratio algorithm, 
was less than 14% (see 93. U . 

In planning the optical follow-up observations (which were 
carried out in 2002 and 2003, see ® it was necessary, of course, 
to make use of the X-ray source flux and position information 
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available at the time. In effect this was a combination of prelim- 
inary XGPS catalogue data and information derived from early 
versions of SAS-pipeline processing. The error circles available 
at the time of the optical observations were systematically larger 
than those provided by the 2XMM catalogue. This mainly re- 
sults from the improved astrometric accuracy provided by the 
latest SAS versions illustrated by the fact that the systematic 
positional error went down from 1.5" to 1.0" in the absence 
of eposcorr correction. In addition, the 2XMM catalogue now 
merges detections from distinct exposures to derive improved 
positions. Consequently, we observed on occasions optical can- 
didates that were found out later to be well outside the revised er- 
ror circle. However, in describing the multiwaveband follow-up 
we use in the main, when available, source parameters derive d 
from the most recent 2XMM catalogues (Wat son et alj 12009), 
including most importantly the positional information (e.g. see 
§3). That said, the X-ray bright, sub-sample of XGPS sources 
studied spectroscopically was sel ected on the basis of the orig- 
inal count-rate information from lHands et al.l {2004) consisting 
of MOS camera count rates in a soft (0.4-2 ke V), hard (2-6 keV) 
and broad (0.4-6 keV) band. More specifically the full prelimi- 
nary XGPS catalogue was sorted into a list ordered on the basis 
of a decreasing MOS count rate in the broad band (0.4-6 keV). 
Objects were subsequently studied at the telescope in effect by 
working down this list. Fortunately, the post facto rationalisa- 
tion in terms of a XGPS/2XMM selection does not have a large 
impact on this bright source sub-sample. In the event a total of 
43 X-ray sources down to a MOS broadband count rate of 4.2 
counts/ks were investigated in detail (see §5 for further details). 

The XGPS id number used throughout this paper refers to the 
rank of the source in the preliminary XGPS catalogue used at the 
time of the optical observations and sorted by decreasing MOS 
co untrates in the bro ad band. This list differs from that published 
in lHands et~afl d2004l) in the sense that it misses a few sources 
which were later appended to the final catalogue (see 35.5.81 ) and 
also contains a small number of duplicated or spurious entries. 
As a consequence, the id number does not exactly follow the true 
broad band flux order of the final XGPS cata logue. Note that the 
naming of the XGPS XMM-Newton fields in lHands et all d2004l) 
is distinct from the source numbering system used in this paper. 

All error circles plotted on finding charts correspond to a 
90% combined X-ray/optical confidence circle. For a number 
of interesting sources we retrieved X-ray data from the XMM- 
Newton archive at ESAC and processed them with the latest 
version of the SAS package (version 8) and calibration files. 
Spectral analysis was performed using XSPEC version 12.1 and 
above. Unless specified otherwise, all fit parameters are given at 
the 90% confidence level for one parameter of interest. Fit re- 
sults are summarized in Table [TOl 

3. Cross-correlation of the XGPS/2XMM list with 
optical/IR catalogues 

Optical crowding makes the identification of XMM-Newton 
sources in the Galactic Plane rather difficult. Originally (circa 
2002) the SAS task eposcorr corrected EPIC source positions 
for residual attitude errors by matching the X-ray source po- 
sitions with the USNO-A2.0. However in the 2XMM pipeline, 
the cross-matches are done with the deeper USNO-B1.0 cata- 
logue. When applicable, i.e., if the field stellar density is not 
too high to confuse the statistical cross-identification process, 
eposcorr can significantly reduce the 90% confidence error cir- 
cle by decreasing systematic errors and thus easing optical iden- 
tification. However, as noted above, the positions of most of the 



2XMM sources could not be refined by eposcorr. Even with this 
improvement, XMM-Newton error circles are sufficiently large 
that for Galactic studies it is often the case that several optical 
candidates have positions consistent with the X-ray source, with 
none of these candidates standing out as the main contender. In 
this respect, the excellent positions provided by Chandra with a 
sky uncertainty area an order of magnitude smaller than that of 
XMM-Newton constitute a major advantage for Galactic Plane 
studies. 

Nevertheless, it is possible to find probable counterparts to 
at least a fraction of the XMM-Newton sources found in low- 
latitude fields by cross-correlation with major optical and in- 
frared catalogues. Thus for all the XGPS/2XMM sources we 
looked for possible identifications in a rchival catalogues using 
the XCat-DB0 developed in Strasbourg dMotch et al.ll2007bl) . 

3.1. Cross-correlation with USNO-B1 .0 and 2MASS 

In a sizable number of cases, the XMM-Newton error circle con- 
tains a relatively bright optical object. This is consistent with 
the fact known from previous ROSAT surveys, namely that the 
majority of soft G alactic X-ray sources are active stars (e.g. 
Motc h et alJl997l) which, apart from the faintest K and M types, 
appear as relatively bright optical objects even at the flux sen- 
sitivity of XMM-Newton. There is obviously a limiting magni- 
tude at which the appearance of a relatively bright optical object 
in the EPIC error circle has a high probability of being a chance 
coincidence due to the increasing density of field objects with 
magnitude. In order to properly estimate the probabili ty of iden- 
tificat ion of the X- ray source with a USNO-B1.0 (Monet et al. 
I2003I) or 2MASS dCutri et all I2003I) entry, we used the likeli- 
hood ratio scheme especially developed by [Pineau et al. I d2008l 
I2010I) in the framework of the XMM-Newton SSC for the cross- 
identification of the 2XMMi sources with several large astro- 
nomical catalogues. In a few words, the process considers the 
widely used ratio between the likelihood that the optical and X- 
ray sources are associated and thus have the same position, to the 
likelihood to find by chance an optical object as bright as the can- 
didate at that angular distance from the X-ray source. This like- 
lihood ratio, however, does not provide a direct measure of the 
value of the association since it formally depends on the proba- 
bility that a given X-ray source has to have a counterpart in the 
archival catalogue considered. Eventually, this probability de- 
pends on the properties and relative fractions of the various pop- 
ulations of X-ray sources entering the overall sample. Most au- 
thors build a histogram of the associations likelihood ratios (LR) 
and estimate the contributions of spurious matches to this his- 
togram by randomizing the X-ray positions. This Monte Carlo 
process might be time consumin g when applied to very large 
samples and the scheme used in Pineau et al 1 d200l l2010) uses 
a geometrical approach instead. For a given bin of likelihood ra- 
tio the probability of identification is then derived from the ratio 
of total observed (true + spurious) to estimated spurious associ- 
ations. In practice, it is necessary to merge the LR histograms of 
several XMM-Newton observations at similar Galactic latitudes 
to obtain enough statistics and fit in a reliable manner the rela- 
tion between spurious match rate and likelihood ratio. The prob- 
abilities of identifications with 2MASS and USNO-B1.0 entries 
were retrieved from the XCat-DB for each XGPS source having 
a corresponding entry in the 2XMM catalogue. 



2 http ://xcatdb. u- strasbg.fr/2xmmi/home 
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Table 1: XGPS sources with matches in archival Chandra catalogues. The columns give the following information: (1) - XGPS 
identifier. (2) - Name of the corresponding 2XMM source. (3) - 2MASS entry correlating with the 2XMM source. (4) - Probability 
of identification of the 2XMM source with the 2MASS entry. (5) - d XGPS-Chandra. (6) - d 2XMM-Chandra. (7) - 90% confidence 
error on d 2XMM-Chandra. (8) d 2MASS-Chandra. (9) and (10) Chandra position. All position offsets are quoted in arcsec. 



XGPS 


2XMM 


2MASS 


Ident 


d 


d 


error 


d 


Chandra 


ID 


Name 


Name 


Prob 


XGPS 


2XMM 




2MASS 


RA 


DEC 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


12 


2XMM J182830.8-1 145 14 


18283106-1145159 


0.44 


3.8 


4.0 


2.4 


0.2 


18 28 31.05 


-11 45 15.7 


23 


2XMM J183017.0-095326 


18301701-0953272 


0.96 


2.5 


1.0 


2.6 


1.2 


18 30 16.96 


-09 53 26.8 


29 


2XMM J182740.3-1 13953 


18274040-1139532 


0.94 


2.3 


0.4 


1.7 


0.6 


18 27 40.44 


-11 39 53.1 


73 


2XMM J182732.2-113357 


18273223-1133571 


0.98 


3.0 


0.6 


1.9 


0.7 


18 27 32.27 


-11 33 57.4 


74 


2XMM J182750.5-1 13549 






4.8 


1.0 


2.2 




18 27 50.66 


-11 35 48.6 


110 


2XMM J182728.5-1 13741 


18272856-1137400 


0.92 


3.2 


1.7 


2.3 


0.7 


18 27 28.61 


-11 37 40.1 


124 


2XMM J 182811. 1-114933 


18281123-1149341 


0.60 


11.3 


1.8 


3.8 


0.6 


18 28 11.27 


-11 49 34.3 


142 


2XMM J182744.6-1 13957 


18274465-1139576 


0.98 


3.1 


0.2 


3.0 


0.2 


18 27 44.66 


-11 39 57.7 


161 


2XMM J182812.3-1 14144 


18281235-1141399 


0.10 


17.3 


3.8 


4.2 


6.3 


18 28 12.55 


-11 41 45.5 
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2XMM J182749.5-1 13725 


18274944-1137264 


0.80 


2.5 


1.4 


2.7 


0.2 
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-11 37 26.2 
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18282106-1147472 


0.74 


8.4 


3.9 


4.2 


0.2 


18 28 21.06 


-11 47 47.0 
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2XMM J182831.5-1 15145 


18283165-1151464 


0.80 


14.6 


2.2 


3.5 


0.5 
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-11 51 46.3 
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2XMM J182804.6-113832 


18280497-1138320 


0.14 
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5.4 


18 28 04.61 
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Fig. 2: Left: Histogram of the USNO-B1.0 (plain black) and 2MASS (dashed red) probabilities of identification in the XGPS region. 
Right: relation between the integrated sample reliability versus completeness for USNO-B1.0 (plain black) and 2MASS (dashed 
red). 



The cross-correlation process searches for possible candi- 
date counterparts within a radius corresponding to 3.44 times 
the combined lcr positional error (obtained by adding the X-ray 
and catalogue lcr errors in quadrature). This corresponds to the 
area in which 99.7% of the true matches (3 Gaussian cr) should 
be found. For the 2XMM catalogue, we use the combined in- 
trinsic plus systematical positional error as listed in the column 
labelled poserr which has a mean value of 1.8" (1 cr) for the 
sample of 269 2XMM/XGPS sources. Typical positional errors 
on USNO-B1.0 and 2MASS entri es are much lower of the or- 
der of a few tenth of an arcsecond (Mo net et al.l2003l:ICutri et all 



3 0.35"or 1.0" d epending 
dWatson et al.ll2009h 



on the outcome of 



eposcorr 



task 



120031) . Over the whole XGPS area, a total of 171 and 223 2XMM 
X-ray sources have a match with a USNO-B1.0 and 2MASS en- 
try respectively. Although the number of matches appears signif- 
icantly larger in the near infrared than at optical wavelengths, the 
relatively high density of 2MASS entries in the Galactic Plane 
decreases the reliability of these cross-identifications. The left 
panel of Fig. [2] shows that the number of high probability (> 
90%) USNO-B1.0 identifications is 53 while only 42 2MASS 
entries have as high probabilities of identification. We define the 
sample reliability as the expected fraction of correct identifica- 
tions among matches with an individual identification probabil- 
ity above a given threshold. Completeness is then the fraction 
of true identifications recovered above that threshold divided by 
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Table 2: Fraction of spurious identifications and completeness 
for the 2XMM / USNO-B1.0 and 2XMM / 2MASS cross- 
correlation in the XGPS area as a function of the individual prob- 
ability threshold. The spurious fraction and completeness values 
are given as a percentage. 







2MASS ident 


. prob. 






50% 


60% 


70% 


80% 


90% 


Spurious Fr. 


21.4 


13.6 


08.8 


04.3 


01.3 


Completeness 


76.7 


66.6 


57.2 


44.1 


27.4 


USNO-B1.0 ident. prob. 




50% 


60% 


70% 


80% 


90% 


Spurious Fr. 


18.9 


12.8 


08.8 


04.3 


01.2 


Completeness 


86.2 


79.1 


71.1 


57.5 


39.4 



the total number of true identifications expected in the given 
survey. Computed over the entire XGPS area, the completeness 
versus reliability curve shown in the right panel of Fig. [2] re- 
veals that the USNO-B1.0 catalogue provides more reliable and 
more complete identifications than the 2MASS catalogue. On 
average, matches with identification probabilities of less than 
10% are with USNO-B1.0 and 2MASS objects only one or two 
magnitudes brighter than the limiting magnitudes (~ 20 in R and 
~ 12.5 in K). In contrast, candidate counterparts with identifica- 
tion probability ^90% are typically either USNO-B1.0 entries 
brighter than R ~ 15 or 2MASS entries with K ranging from 12 
to 8 with a mean value of ~ 10. 

Therefore, thanks to a careful statistical handling of the 
cross-correlation process, we are able, in a large number of 
cases, to recover with high efficiency the actual counterpart of 
the X-ray source and quite significantly extend the identification 
rate. This can be achieved in spite of the poorer XMM-Newton 
positional accuracy as compared to that of Chandra for X-ray 
sources having bright enough optical counterparts. 

We list in Table [2] values of the fraction of spurious identifi- 
cations and completeness as function of the threshold set on the 
individual source identification probability. At the 90% thresh- 
old generally used in this work, the number of wrong identifica- 
tions should be of the order of 1 %, and only 30% to 40% of the 
true matches are identified. 

3.2. Cross-correlation with Spitzer source lists 

We also explored the content of the recently released Spitzer 
source catalogue from the Galactic Legacy Infr ared Mid-P lane 
Surve y Extraordinaire (GLIMPSE) project (Be njamin et al.l 
120031) . The survey provides images and source lists with mag- 
nitudes and fluxes in the four bands of the IRAC instrument, 
centered at approximately 3.6, 4.5, 5.8 and 8.0jU. GLIMPSE I 
covers the Galactic longitudes from 10° to 65° with a width of 
+ 1° in latitude and thus perfectly overlaps with the area cov- 
ered by the XGPS survey. We extracted the individual source 
lists from the GLIMPSE I archival merging the catalogues cov- 
ering the range of Galactic longitude I = 19.0° to 22.15°. We 
did not compute the probabilities of identifications of EPIC 
sources with GLIMPSE entries using the LR based method de- 
scribed above but instead simply considered all GLIMPSE can- 
didate counterparts in a radius of 7"( > 3 average cr) around 
the 2XMM X-ray position. We checked that beyond a radius 
of 7", no more 2MASS identifications of 2XMM sources are 

4 http://data.spitzer.caltech.edu/popular/glimpse/ 
200704 1 6_enhanced_v2/source_lists/north/ 



found with probabilities larger than 80%. GLIMPSE positions 
are only subject to small errors since 95% of the Spitzer sources 
are within 0.2" from their 2MASS counterparty The Spitzer 
IRAC flux measurements were used to constrain the spec- 
tral energy distributions of some of the candidate counterparts 
and provide additional identification diagnostics. However, the 
GLIMPSE source lists provide 2MASS identifications which 
can be used as proxies to compute likelihoods of associations 
using the 2XMM/2MASS cross-correlation. We list in Table [3] 
the 55 XGPS/2XMM sources having an identification probabil- 
ity above 80% with a 2MASS + GLIMPSE entry, together with 
their identification class (see §|5}. 

4. Optical observations 

The optical observations presented here were obtained in 2002 
and 2003 with the ESO 3.6m telescope and the ESO-VLT. At 
the ESO-3.6m equipped with EFOSC2, observations took place 
from July 9 to 12 in 2002 and from February 28 till March 3 
and from June 27 till July 2 in 2003. An additional run was per- 
formed in 2003 with the VLT-Yepun and FORS2 on July 1st 
and 2nd. Bright optical stars were observed with grism #14 on 
EFOSC2, while spectra of fainter candidates were obtained us- 
ing grisms #6 and #1. At the VLT, we used grisms GRIS_1400V 
for the brightest objects and GRIS_300I or GRIS.300V for the 
faintest ones. Absolute flux calibration was derived from the ob- 
servation of standard stars done every night. Weather conditions 
were photometric in most cases. Table|4]shows the details of the 
instrumental setups relevant to this work. 

All CCD frames were corrected for bias and flat-fielded us- 
ing standard MIDAS procedures. Arc-lamp exposures of various 
atomic species were used to derive a wavelength calibration gen- 
erally accurate to better than 5% of the spectral resolution. One 
dimensional spectra were extracted with a procedure optimiz- 
ing the accumulation region in order to reach the best signal to 
noise ratio and using sky background cleaned from cosmic-ray 
impacts. The requirement to put two optical candidates in the 
slit, in order to minimize observing time, prevented it from be- 
ing aligned along or close to the parallactic angle. Consequently, 
the accuracy of the flux calibration, whilst sufficient to derive rel- 
ative fluxes, may still suffer from moderate spectral distortion in 
some instances. 

Stellar spectral classification can be difficult when using only 
low to moderate spectral resolution, particularly in the case of 
faint stellar counterparts with spectra of commensurately low 
signal to noise ratio. In order to perform a classification with 
a minimum of bias, we designed a MIDAS procedure in which 
flux calibrated reference spectra degraded to the spectral reso- 
lution of the observations are fitted to the observed spectrum 
by adjusting the mean flux and interstellar absorption. We used 
standard spectra from various references depending on the res- 
olution and wavelength ra nge of the ob s ervation. The most use - 
ful atlase s were those of jjacobv et al] dl984l) . iPicklesI (Q998), 
STELIB dLe B orgne et ai1 l2003l) and a collection of spectra ex- 
tracted from the NASA/JPL NStars projecfj The spectral fitting 
process was visually controlled and checked b y monitoring the 
behaviour of several imp ortant diagnostic lines dTurns hek 1985; 
lJaschek& Jascheklll987l) . We estimate that our spectral classifi- 
cation is on average accurate to one subclass. 

In addition, we obtained photometrically uncalibrated broad 
band imaging at the ESO 3.6m and ESO-VLT telescopes in the 

5 GLIMPSE Quality Assurance vl.O 

6 http://stellar.phys.appstate.edu/ 
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Table 3: XGPS/2XMM - 2MASS - GLIMPSE I Cross correlation. We only list here 2MASS sources with an individual probability 
of identification with the corresponding 2XMM source above 80% and identified with a GLIMPSE I source. The entries under the 
column labelled "Class" refer to the nature of the source as derived from our optical follow-up programme: AC (active corona); WR 
(Wolf-Rayet star); HMXB (high-mass x-ray binary); UNID (un-identified source). The measurements in the different wavebands 
are given in magnitudes. 



XGPS 


Class 


2MASS name 


2MASS 


J err 


H err 


K err 3.6/i err 4.5/J err 5.8// err 8.0// err 


id 






Prob id 









2 AC 18284546-1117112 0.97 9.80 0.02 9.14 0.02 8.96 0.02 8.91 0.04 8.92 0.05 8.74 0.04 8.77 0.03 

6 AC 18284771-1013354 0.98 7.48 0.02 7.22 0.05 7.13 0.03 7.23 0.03 7.25 0.05 7.18 0.04 7.14 0.02 

11 AC 18250691-1204304 0.89 10.39 0.02 9.38 0.02 9.03 0.02 8.80 0.05 8.80 0.05 8.68 0.04 8.64 0.04 

14 WR 18311653-1009250 0.98 9.09 0.03 8.29 0.04 7.63 0.02 7.17 0.04 6.83 0.06 6.66 0.03 6.32 0.03 

16 AC 18303575-1021039 0.96 11.06 0.06 10.32 0.07 10.04 0.05 9.77 0.05 9.75 0.07 9.55 0.05 9.49 0.07 

20 AC 18263956-1142150 0.88 11.36 0.02 10.81 0.04 10.57 0.03 10.31 0.11 10.43 0.10 10.31 0.11 10.19 0.07 

21 AC 18310376-0958153 0.86 12.39 0.03 11.73 0.05 11.38 0.05 11.08 0.07 11.07 0.09 10.97 0.10 10.81 0.13 
23 AC 18301701-0953272 0.96 11.40 0.03 10.60 0.03 10.32 0.02 10.09 0.04 10.09 0.06 9.94 0.05 9.94 0.04 
30 AC 18274009-1028124 0.84 11.56 0.04 10.83 0.04 10.49 0.04 10.28 0.06 10.34 0.06 10.25 0.06 10.31 0.08 
36 HMXB? 18301593-1045384 0.93 10.54 0.02 10.10 0.02 9.67 0.02 9.01 0.05 8.77 0.05 8.55 0.04 8.26 0.04 
42 UNID 18283337-1026505 0.95 11.41 0.03 10.21 0.02 9.72 0.02 9.37 0.04 9.43 0.05 9.24 0.05 9.19 0.05 
46 AC 18312487-1047478 0.98 8.32 0.03 8.19 0.05 8.11 0.03 8.02 0.06 8.02 0.04 8.06 0.03 8.05 0.04 
51 18253369-1214505 0.95 11.27 0.02 10.76 0.02 10.59 0.02 10.47 0.07 10.42 0.06 10.40 0.09 

59 18281589-1154333 0.92 10.54 0.02 9.24 0.03 8.78 0.03 8.46 0.04 8.52 0.04 8.39 0.04 8.41 0.03 

60 AC 18251158-1157257 0.96 10.58 0.02 10.24 0.03 10.15 0.03 9.98 0.06 10.00 0.05 9.94 0.05 10.03 0.05 

61 18282189-1011279 0.98 8.98 0.02 8.63 0.03 8.51 0.03 8.45 0.06 8.42 0.06 8.47 0.04 8.43 0.03 
66 18284762-1155529 0.91 11.92 0.03 10.90 0.03 10.51 0.02 10.39 0.06 10.28 0.11 10.13 0.06 10.15 0.06 

71 18292438-1029568 0.92 12.19 0.02 11.37 0.02 11.15 0.02 10.99 0.05 10.95 0.07 11.02 0.09 11.14 0.10 

72 18321298-1006343 0.94 11.81 0.02 11.14 0.03 10.89 0.03 10.72 0.04 10.59 0.06 10.60 0.06 10.70 0.08 

73 18273223-1133571 0.98 12.03 0.03 10.50 0.03 9.88 0.03 9.49 0.05 9.47 0.05 9.27 0.05 9.22 0.04 
75 18263832-1043417 0.90 11.40 0.02 10.90 0.03 10.76 0.02 10.43 0.04 10.50 0.06 10.52 0.07 10.42 0.05 
82 18264265-1121246 0.98 6.11 0.05 5.81 0.04 5.65 0.03 5.48 0.05 6.05 0.12 5.39 0.03 5.31 0.03 
95 18263599-1146469 0.97 10.32 0.02 9.56 0.03 9.27 0.02 9.06 0.04 9.17 0.05 9.06 0.04 9.01 0.04 

110 18272856-1137400 0.92 11.86 0.03 11.23 0.04 11.02 0.05 10.99 0.06 10.94 0.09 10.88 0.09 11.27 0.11 

112 18254529-1131541 0.95 10.57 0.02 10.23 0.04 10.00 0.03 9.95 0.05 9.94 0.06 9.94 0.06 9.89 0.05 

113 18291343-0957303 0.95 10.82 0.02 10.27 0.03 10.08 0.03 9.98 0.04 10.04 0.07 9.81 0.06 9.85 0.04 
117 18293962-1058346 0.89 11.80 0.02 11.14 0.02 10.86 0.02 10.49 0.05 10.49 0.13 10.29 0.07 10.35 0.08 
119 18301584-1024593 0.88 12.33 0.04 11.40 0.05 11.11 0.04 10.82 0.05 10.84 0.08 10.72 0.06 10.65 0.06 
122 18303260-0947301 0.89 11.20 0.03 10.60 0.04 10.37 0.03 10.25 0.04 10.15 0.04 10.11 0.06 10.10 0.04 
125 18260807-1215145 0.97 11.39 0.02 10.68 0.02 10.54 0.02 10.40 0.03 10.53 0.06 10.38 0.06 10.60 0.16 
130 18281914-1002074 0.98 7.12 0.02 5.97 0.03 5.49 0.03 5.31 0.07 6.03 0.11 5.27 0.03 5.23 0.03 
132 18301787-1027277 0.92 10.39 0.03 10.01 0.03 9.88 0.02 9.90 0.07 9.89 0.10 10.52 0.22 
135 18272674-1120398 0.93 12.34 0.03 11.73 0.05 11.52 0.05 11.35 0.07 11.28 0.08 11.37 0.12 11.33 0.12 
142 18274465-1139576 0.98 9.59 0.02 8.95 0.03 8.78 0.02 8.67 0.05 8.70 0.05 8.70 0.04 8.67 0.03 
156 18270828-1134567 0.90 9.19 0.03 8.51 0.03 8.63 0.05 8.26 0.03 8.37 0.03 
174 18283639-1036553 0.85 12.18 0.02 11.12 0.02 10.70 0.02 10.40 0.04 10.51 0.06 10.35 0.08 10.39 0.06 
182 18274957-1025358 0.92 10.32 0.03 9.89 0.03 9.58 0.03 9.57 0.21 9.23 0.13 9.40 0.05 9.25 0.04 
203 18262946-1100587 0.95 10.60 0.02 9.70 0.03 9.43 0.03 9.20 0.04 9.23 0.05 9.16 0.05 9.08 0.03 
208 18283165-1151464 0.80 11.11 0.03 10.78 0.07 10.86 0.06 10.83 0.10 11.06 0.10 
214 18303226-1051502 0.98 6.89 0.02 6.68 0.03 6.57 0.02 6.81 0.04 6.57 0.05 6.60 0.04 6.58 0.02 
224 18285835-1039133 0.86 10.01 0.02 8.44 0.06 7.73 0.03 7.34 0.03 7.54 0.05 7.28 0.04 7.18 0.03 
249 18284536-1156528 0.86 11.59 0.02 11.24 0.02 11.10 0.02 11.08 0.05 10.98 0.06 10.91 0.07 11.07 0.09 
254 18271801-1128218 0.82 12.95 0.05 12.07 0.07 11.62 0.03 11.05 0.10 11.02 0.10 10.97 0.09 10.78 0.09 
276 18271464-1130273 0.96 12.08 0.03 11.21 0.04 10.84 0.03 10.49 0.07 10.41 0.09 10.45 0.09 10.40 0.07 
283 18274118-1127156 0.94 11.54 0.05 11.26 0.06 11.27 0.10 11.18 0.07 

287 18280597-1137354 0.82 11.97 0.03 11.60 0.04 11.35 0.03 11.11 0.13 10.99 0.12 10.98 0.09 

305 18281180-1025424 0.98 8.36 0.03 6.93 0.04 5.63 0.03 4.50 0.09 3.54 0.06 

319 18294250-1100494 0.84 11.33 0.03 9.91 0.03 9.34 0.03 8.91 0.06 8.86 0.05 8.77 0.04 8.75 0.04 

322 18291086-1042454 0.93 10.93 0.02 9.74 0.03 9.31 0.03 8.99 0.05 9.00 0.05 8.96 0.04 8.82 0.04 

326 18273027-1135116 0.83 10.91 0.02 10.65 0.03 10.56 0.03 10.42 0.06 10.41 0.06 10.45 0.06 10.40 0.07 

350 18260167-1220208 0.88 9.97 0.02 7.02 0.03 5.52 0.02 4.40 0.07 3.69 0.03 3.41 0.05 

383 18302135-1050371 0.93 11.06 0.02 10.56 0.02 10.37 0.02 10.27 0.05 10.24 0.06 10.17 0.06 10.31 0.06 

405 18244642-1204260 0.98 7.82 0.03 7.43 0.02 7.22 0.02 7.05 0.05 7.01 0.04 6.89 0.03 6.88 0.02 



B, R and I filters for XGPS positions lacking relatively bright 
optical candidates. Standard MIDAS procedures allowed to cor- 
rect these frames for bias and flat-field. These exposures were 
used to prioritize targets for subsequent spectroscopic observa- 
tions. Some of the finding charts presented in this work are also 
based on these data. Short raw white light acquisition images 



are also used on occasion. Finally, many of the charts are based 
on MAMA scans of the R band plate SRC734S extracted from 
the second epoch survey of the ESO/SERC Southern Sky Atlas. 
All images were astrometrically corrected using reference stars 
in the GSC 2.2 catalogue. We estimate that the resulting posi- 
tions are good to ~ 0.3". This error is quadratically added to 
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Table 4: Optical spectroscopic settings 



Tpl pcrnnp 


111SL1 U111C11L 


OUCL LI d.1 


FWHM Snprtral 

1 VV JTL1V1 OlJCCUdl 


Slit 


fin cm t; 






range (A) 


resolution (A) 


width (") 




ESO-3.6m 


EFOSC2 


3185-10940 


59 


1.5 


Grism #1 


ESO 3.6m 


EFOSC2 


3860-8070 


17.3 


1.5 


Grism #6 


ESO 3.6m 


EFOSC2 


3095-5085 


7.1 


1.5 


Grism #14 


ESO-UT4 


FORS2 


3850-7500 


12 


1.0 


GRIS_300V 


ESO-UT4 


FORS2 


5900-10240 


11 


1.0 


GRISJ00I 


ESO-UT4 


FORS2 


4560-5860 


2 


1.0 


GRISJ400V 



XMM-Newton astrometric errors when plotting the 90% confi- 
dence error circle. 



5. Optical identification of a bright source 
sub-sample 

As mentioned earlier, the basic strategy of the optical spectro- 
scopic campaign was to start with the brightest XGPS sources in 
the broad band and then to work down the XGPS list to fainter 
count rates. However, even at the low Galactic latitude (b ~ 0°) 
covered by the XGPS, the integrated Galactic interstellar absorp- 
tion along the line of sight is not large enough (Nh~ 10 23 cm -2 ) 
to efficiently screen hard X-rays above ~ 2keV. We thus ex- 
pected that a rather large number of the XGPS sources might 
actually be background AGN. 

In order not to waste valuable telescope time, we did not in- 
vestigate the content of the error circles of sources void of optical 
candidates bright enough to obtain optical spectra in a reason- 
able amount of time and exhibiting a MOS hardness raticfl con- 
sistent with that expected for an extragalactic source undergo- 
ing the total Galactic absorption in the source direction. The ex- 
pected MOS hardness ratios of extragalactic sources were com- 
puted assuming a power-law spectrum of photon index equal to 
1 .7. As it was, we used the finding charts provided by the XMM- 
Newton pipeline^ which in the region of the Galactic Plane cov- 
ered by the XGPS are based on the same R band second epoch 
survey of the ESO/SERC Southern Sky Atlas as used for some 
of the finding charts shown in Fig. 33. We did not consider for 
optical follow-up X-ray sources having no detectable objects in 
their error circles implying a limiting magnitude of R ~ 21.50. 
This corresponds to the faintest targets reachable with the in- 
strument used at the 3.6m telescope. Evidently, optically faint 
Galactic X-ray sources undergoing large foreground or internal 
absorption would also be discarded by this selection criterion. 

We used the cross-correlations of EPIC source positions with 
over 170 astronomical catalogues and the finding charts avail- 
able in the pipeline data produced by the Survey Science Centre 
to investigate the content of the EPIC error circle^ 

We have computed the expected total Galactic absorption 
in the direction of each XGPS source from the IR maps pro- 

7 HR = (H-S)/(H+S) with H and S the count rates in the 2.0-6.0 keV 
and 0.4-2.0 keV bands respectively jHands et alj2004l) 

8 SSC provided finding ch arts are based on imag es extracted from the 
Aladin image server at CDS (Bonnarel et al. 2000) 

9 http://www.roe.ac.uk/ifa/wfau/ukstu/platelib.html 

10 The SSC pipeline lists all archival catalogue entries with positions 
consistent within 3cr with the EPIC source. However, at this stage, no 
probability of identification is co mputed. These cross -correlations are 
available from the XCat-DB. See lWatson et al.l d2009h for a complete 
description 



vided by COBE/DIRBE and IRAS/ISSA dSchlegel et alf l998). 
We compared these values to those obt ained by summin g the 
HI (iDickev & Lockmanlll990T) and CO (iDame et al.ll200ll) col- 
umn densities in each direction. Values were interpolated over 
the 4 nearest pixels (of size 2:37 2 ) for the COBE/DIRBE maps, 
whereas the HI and CO maps were not interpolated and had pixel 
sizes of 0°5 2 and 0°121 2 respectively. We assumed Nh = Nffl + 
2xNH2 with NH2 = 2.7 10 20 x Wco where Wco is the intensity 
of the CO 1-0 rotational transition. The two determinations of 
the total column density agree well. However, the radio deter- 
mined Nh value clearly saturates at Log(NH) > 23.1. We thus 
retained the Nh values derived from the IR maps as providing a 
more realistic estimate of the total Galactic absorption. 

In the event our programme of optical spectroscopic follow- 
up extended down to the 63rd source in the count-rate ordered 
preliminary XGPS list (XGPS-69) to a limiting MOS broadband 
count rate of 4.2 ct/ks. However, of these 63 sources, 12 where 
discarded due to the optical candidate / MOS hardness-ratio cri- 
terion outlined above and 8 due to lack of observing time at the 
ESO 3.6m telescope or due to very offset XGPS positions. 

This leaves us with a total of 43 XGPS sources which were 
investigated at the telescope. Of these, we failed to identify a 
likely counterpart in 13 cases due to the lack of spectral signa- 
tures of known classes of X-ray emitters in the observed candi- 
dates or because the optical candidates turned out to be too faint 
for the instrumental setting used at the given telescope. Further 
details of these 43 sources are given later - in Table [8] Possible 
identifications are discussed in sections 5.1 to 5.4, while some of 
the unidentified sources for which we have the most constrain- 
ing information are presented in section 5.5. Optical spectra for 
all identified sources are available as on-line material (Fig. 32). 
Finding charts for all of the 43 investigated sources are either 
shown in §5 or in the on-line material section (Fig. 33). 

As a check for unforeseen biases we have investigated some 
of the characteristics of our "telescope" sample in relation to the 
whole XGPS catalogue. For example, Fig.[3]shows the histogram 
of the broad-band (0.4-6. OkeV) MOS count rate for sources 
scheduled for optical follow-up compared to that of the entire 
final XGPS sample of 424 sources. The difference between the 
two histograms is explained by the fact we ignored 20 sources. 
In addition, as mentioned in §2 (see also 95.5.81 1, the preliminary 
version of the XGPS catalogue used at the telescope was missing 
a few bright sources. 

We plot in Fig.[4]the histogram of the integrated Galactic Nh 
for the entire XGPS set of 424 sources and for the sub-sample of 
43 bright sources investigated optically. The distribution shows 
that the broad band bright sample of XGPS sources selected for 
optical follow-up does not exhibit any bias towards obscured or 
clear Galactic directions. 

Table |5]provides a break-down by identification type for the 
43 sources studied at the telescope. In practice, the faintest iden- 
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Fig. 3: Histogram of the MOS broad-band flux for the entire 
XGPS sample and for the sub-sample scheduled for identifica- 
tion at the telescope (red histogram). 
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Fig. 4: Distribution of integrated Nh for the entire set of XGPS 
sources (black solid line) and for the sources investigated opti- 
cally (red dashed line). 



tified XGPS source is XGPS-65 with a broad band MOS count 
rate of 4.5 ct/ks. 

5.1. Stellar identifications 
5.1.1. Normal stars 

Our identification of an X-ray source with an active corona (AC), 
in the main, rests on the detection of spectroscopic evidences 



Table 5: Identification statistics for the sub-sample of XGPS 
sources selected for follow-up optical observations. AC: Active 
Coronae, WR: Wolf-Rayet star. 



Class 


Number 


AC 


16 


Possible AC 


2 


B stars 


2 


WR 


1 


CV 


3 


LMXB candidates 


2 


HMXB candidates 


4 


Unidentified 


13 


Total 


43 



such as Balmer emission or Ca H&K re-emission. However, 
when the optical spectrum of the candidate star was lacking such 
features, the identification was then based on a probability of as- 
sociation with the USNO-B1.0 or 2MASS object above 90%. 
Note that in this statistical identification process, we did not ap- 
ply any constraint on X-ray hardness ratio. 

Most coordinates of active coronae are derived from their 
GSC2 entry and thus reflect their position near epoch 1988. 
However, whenever a TYCHO entry was available we used 
the TYCHO coordinates corrected for proper motion at epoch 
J2000, i.e. at a time very close to X-ray observations. A close 
inspection of finding charts in Fig. 33 reveals the relatively high 
proper motion of XGPS-6 whose 2001 X-ray position is over- 
plotted on a plate acquired in 1982 and of that of the counterpart 
of XGPS-21 whose 2003 position is well inside the error circle. 

A total of 16 (or 18 including the two dubious cases) of 
the 30 sources having a confirmed or a tentative identification 
fall into the AC category. Stars located across all r egions of the 
HR diagram have been d etected in X-rays (see e.g. lVaiana et alj 
1 198 lb iGuillout et af]| 1 9991) barring A-type stars and cool M-type 
giants (although even in these cases exceptions do exist). 

For the hottest 0,B stars, shocks forming in unstable winds 
heat the ambient plasma to million degree temperatures, while 
for late-type stars, X-ray emission results from magnetic activ- 
ity in the outer stellar atmospheres due to an interplay between 
rotation and subsurface convection. In the latter case whether 
the coronae are energised by flares, waves or currents is still de- 
bated. If the counterpart is a late B-type or an A-type star then 
very often the X-ray emission is ascrib ed to an unresolved, ac- 
tive, binary companion (see for instance Neff & Simonll2008l) . 

In our spectroscopically identified sample we find 2 K stars, 
3 G stars and one late B and one late A star ( in these two 
later cases, we assumed that X-ray emission arises from a late- 
type stellar companion). We also have 9 counterparts which 
are Me stars in the range of Mle to M6e. Source XGPS-16 
is identified with a likely physical pair of a M4 and a M5 
emission line stars, based on their comparable photometric dis- 
tances. The X-ray brightest coronal source, XGPS-2, was also 
detec ted in the ASCA G alactic Plane Survey (AX J 182846- 
1 1 16, ISugizaki et al.l2001l) . We also identify two sources XGPS- 
19 and XGPS-56 with early B type stars. 

Unfortunately, the absence of reliable optical spectropho- 
tometric flux calibration resulting from the observing proce- 
dure prevents us from deriving accurate enough reddening cor- 
rected X-ray to optical flux ratios. As a consequence, we can- 
not sensitively search our stellar sample for possible anoma- 
lous X-ray emission which could be the signature of neutron 
star or black hole accreting binaries in quiescence for instance. 
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Fig. 5: The WHT optical spectrum of the WN8 counterpart of 
XGPS-14. 



However, neglecting all reddening effects, the log(f x /f r ) distri- 
bution of our active coronae appears fully consistent with that of 
ChaM Plane stellar id entifications in the direction of the Galactic 
bulge dKoenig et al.ll2008l) . 

Despite their fully convective interior structure, the X-ray ac- 
tivity of very low mass M dwarfs shows similar trends to more 
massive stars, for example an ultra-cool M 9 star has been de- 
tected in X-rays at a quasi-quiescent level (Ro brade & Sc hmitt 
2009). Although F, G and K-type stars display higher X-ray lu- 
minosity than M dwarfs, only the 'tip of the iceberg' of the stellar 
coronal population has been sampled here. In terms of the likely 
composition of X-ray source catalogues, it is probable that M 
dwarfs will overwhelmingly outnumber other stellar categories 
at faint X-ray fluxes. 

The high fraction (~ 50%) of Me stars found among active 
coronae in the XGPS is a t variance with th e results of the ROS AT 
Galactic Plane Survey (Motch et aD l 19971) . which recorded only 
19% of M-type identificat ions. It is, however, k nown from X-ray 
stellar population models ( Guillou t~et al.l!996h that the contribu- 
tion of M stars rises with increasing sensitivity. However, con- 
sidering the small number of stars in each class, it is difficult to 
make a detailed comparison with the stellar-content inferred for 
published X-ray surveys covering other segments of the Galaxy 
and with different flux sensitivities. 



5.1.2. XGPS-14: an X-ray selected Wolf-Rayet star 

This X-ray source has prev iously been detecte d in the 
ASCA Galactic Plane Survey dSugizakiet al.ll2001l) as entry 
AX J1831 16-1008, but has not been identified at other wave- 
lengths. Our improved position shows it to be coincident with 
the southern component of a highly reddened visual binary 
at a separation of 15" which consists of USNO-A2.0 0750- 
13397443 and USNO-A2.0 0750-13397376, the former being 
the actual opti cal counterpart o f the X-ray source. According to 
the 2MASS dCutri et al]l2003l) and DENIS database^, the ob- 
served optical/IR magnitudes of the counterpart are as follows: 
B=17.2; R=13.4 1=11.63+0.03; J=9.09±0.03; H=8.29+0.04; 
K=7.63+0.02, where the B and R magnitudes ar e deduced from 
photo graphic plates (USNO-A2.0 Catalogue, iMonet & et alJ 
1998) and should accordingly be treated with caution. XGPS- 



http://cdsweb.u-strasbg.fr/denis.html 



14 is also identified with the GLIMPSE source SSTGLMA 
G02 1.6064-00. 1970 (see Tab.©. 

A first optical spectrum shown in Fig. 32 was obtained at 
the ESO-3.6m in 2003 with EFOSC2 and Grism#6 (see Tab.©. 
Fig|5]shows the second, higher resolution spectrum (FWHM res- 
olution of ~ 2A). It was acquired on the 18/05/2005 with the 
ISIS spectrograph attached on the William Herschel Telescope. 
On this occasion, the R300B grating was used in the blue arm 
with the EEV12 CCD. Our optical spectra confirm the highly 
reddened nature of the star and, furthermore, reveal the pres- 
ence of strong broad emission lines typical of a Wolf-Rayet 
star. The presence of Hel, Hell, and nitrogen emission lines and 
the lack of strong carbon lines defines a nitrogen-sequence WN 
star. Drawing on t he spectral classification criteria described by 
ISmith et alJ J 19961) . the emission line ratio HeL15876/HeIL1541 1 
> 1 (where the /15876 component is furthermore diminished 
by interstellar Na I absorption) suggests a spectral type later 
than WN7, whereas the presence of NIV ions and the ra- 
tio NIV/14057/NIIU4640 (~ 0.3) constrains the spectral type 
to WN8. This classific ation is confirmed by comparison with 
the IVreux et alJ d 1983b near-IR-spectral-atlas of WR stars. The 
higher resolution WHT spectrum shows that the Hell emission 
lines do have a two-component structure or a central absorption 
component which might indicate (but do not necessarily imply) 
the presence of an early O type close binary companion. Given 
the intrinsic colours of an early-type star, which in the IR dis- 
plays the Rayleigh-Jeans tail of a black body spectrum (here 
we use an 09 type star), we estimate the reddening E(B-V) = 
3.05+0.15 towards XGPS-14 by fitting the B to K band pho- 
tometry. A similar reddening is derived from the slope of the 
optical spectrum only. We note that the same colour excess is 
found for the northern component of the visual binary, which ap- 
pears intrinsically redder and which on the basis of its IR colours 
dKoornneefl 19831) is consistent with a late F-type supergiant. 

The analysis of the EPIC pn and MOS observations of 
XGPS-14 is unfortunately limited by the short usable expo- 
sure time of the source, typically just a few thousand sec- 
onds at a large off-axis angle. Nevertheless the results are 
sufficiently interesting to be reported here. The source is 
in the field of view of the EPIC cameras in six observa- 
tions, 0135741401, 0135744301, 0135744501, 0135746601, 
0135741601 and 0135746301. However, apart for observations 
0135741601 and 0135746301, the high flaring background or a 
position at the extreme edge of the field of view prevent the ex- 
traction of an X-ray spectrum. Owing to the position of XGPS- 
14 close to the edge of the field of view, we measured the back- 
ground contribution in a circular area located on the same CCD 
and at slightly smaller off-axis angle. The small number of pho- 
tons collected led us to use the Cash statistics. Fitting together 
or separately the EPIC pn and MOS data of the two obser- 
vations yield consistent results. Models based on an absorbed 
thin thermal mekal spectrum or an absorbed power-law contin- 
uum are acceptable, although the former gives a slightly bet- 
ter fit. Using observation 0135746301 only, which displays the 
best signal-to-noise ratio, we find kT = 2AA + J^ 2 k&N and T - 
2.91^^ for the thin thermal temperature and the photon spec- 
tral index respectively. In both cases, the X-ray column densi- 
ties N x = 5.21+J and 5.34+[^xl0 22 H atoms cm" 2 , respec- 
tively, are three times larger than the optical/IR derived value 
of Nh = 1.7 X 10 22 atoms cuT 2 , (assu ming the canonical relation 
N x =5.5x 10 21 E(B-V) atoms cm 2 of lPredehl & Schmitd(fl99ll) 
corrected for A V /E(B-V)=3.1)). 
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Using these spectral models we derive observed/unabsorbed 
0.2-10keV fluxes of ~ 8.2 x l(T 13 /4.4 x 1(T 12 ergcirT 2 s" 1 
for the thin thermal mekal model. The temperature is signif- 
icantly higher than the more typical values of < 1 keV ob- 
served from stellar-wind shocks in early (O and WR ) type stars, 
but agrees with the values expected in colliding winds binaries 
( Skin ner et alJ2 007). which also tend to be more X-ray luminous 
than single O and WR stars. 

A reliable estimate of the distance to XGPS-14 may be de- 
rived in at least two ways. Either the distance modulus can be 
established by comparing the unabsorbed magnitude with the 
absolute magnitude of the stellar type, or the distance can be es- 
timated by comparing the observed reddening with a previously 
determined relation between reddening/absorption and distance 
in the line-of-sight of the object in question. The latter m ay be 
derived from the absorption maps of Marshall et al. (2006). The 
distance determinations from the two methods are in agreement 
if we assume that the absolute magnitude My of a Galactic WN8 
star lie s in the range -6 to -7.2, as suggested by Abb ott & Contil 
(1987) and Hamann et al. (2006). The distance so-inferred using 
the optical/IR reddening/absorption is ~ 5 kpc. At this distance, 
the unabsorbed X-ray luminosity is ~ 1.3 X 10 34 ergs~'. This is 
more than 3 orde rs of magnitude brighter than observed from 
single WN8 stars (Oskinova 2005), but only slightly higher than 
the luminosities of s everal WR + O star colliding wind binaries 
( Skin ner et alJ2 007). The high X-ray output also leaves open the 
possibility of a WR + compact object binary that can reach up to 
several 10 38 ergs~'. Such systems are in vogue again since the 
di scovery of the WR counterparts of IC 1 X - 1 andNGC300X- 
1 dCar pano et al.l2007l ; [Prestwich et al.l2007h . In fact, we believe 
that XGPS-14 is among the very rare cases of an X-ray selected 
WR star. These are rare objects since o nly ~ 300 WR star s are 
known in the Galaxy. In a recent paper Sh ara et alj d2009l) dis- 
cuss the use of different near-infrared photometric techniques 
that allow them to discover 41 new WR stars. They fail, how- 
ever, to detect any late WN (7-9) stars. 

5.2. Cataclysmic variables 

Three cataclysmic variables were positively identified in the 
XGPS survey; their properties are described in the following 
paragraphs. 

5.2.1. XGPS-9 

The optical finding chart for XGPS-9 is shown in Fig. [6] The 
optical spectrum of object A, the fainter of the two objects 
present in the X-ray error circle was acquired at the ESO-VLT 
using FORS2 and grism GRIS_300V. The observed and the de- 
reddened (see below) optical spectra are shown in Fig. [7] These 
spectra show the typical features of a magnetic cataclysmic vari- 
able, namely strong H, Hel and Hell emission, superposed on a 
blue continuum. We note that the spectrum does not show signs 
of the secondary star nor does it display evidence of cyclotron 
lines, which are sometimes seen in polar systems. If the orbital 
period were known, the size and mass of the secondary star could 
be determined and based on the non-detection of the secondary, 
a lower distance limit could be estimated. 

The emission lines have an observed width of 21 A 
(FWHM), somewhat larger than the formal FHWM spectral res- 
olution of 12 A provided by grism GRIS.300V (see Table©. 

Due to its large off-axis angle, the source was not in the field 
of view of the optical monitor (OM) on XMM-Newton, an in- 
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Fig. 6: A 2 min long ESO-VLT V band exposure showing the 
field of XGPS-9. The cataclysmic variable (object A) is the 
fainter of the two objects located in the 2XMM error circle. 
North is at the top and East to the left. The field of view shown 
is approximately l'xl'. 
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Fig. 7: Original (lower panel) and de-reddened (upper panel) 
identification spectra of XGPS-9. The upper spectrum was cor- 
rected for a reddening corresponding to the best X-ray Nh 
(8 x 10 21 cm" 2 ). 



dependent brightness determination of the counterpart is thus 
not possible. ESO-VLT imaging observations unfortunately lack 
proper photometric calibration. However, the counterpart is cer- 
tainly very faint since the flux calibrated spectrum indicates V ~ 
23.3. 

To create an X-ray spectrum, photon events were extracted 
using a circular aperture of radius ~ one arcmin. The resulting 
count rate spectrum was binned with a minimum of 20 photons 
per bin to allow the application of the x 1 statistic in the model 
fitting. 
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Fig. 8: EPIC pn X-ray light curve of XGPS-9 with bin size 600 s. 



A one-component thermal plasma spectrum absorbed by 
cold interstellar matter provided a satisfactory fit to the data. 
The temperature was not well constrained and was thus fixed 
at 20ke\Q The column density of the best fit is Nh ~ 8 x 
10 21 crrT 2 and the 0.2-12keV unabsorbed flux of the source 
was determined to be Fx= 1.4 x 10~ 12 ergscirT 2 s . Taking 
the fitted value of the column density at face value, the opti- 
ca l spectrum was de-reddene d (see above) u sing the calibrations 
in lPredehl&Schmitl] (fl99l (for A v ) and ICardelli etail (fl989h 
(for Aj/Ay) and assuming R = 3.1 for Galactic dust. 

The X-ray light curve shown in Fig. [8] was created with task 
epiclccorr (with dead-time and vignetting corrections applied) 
and has time bins of 600 s. There is evidence of variability of up 
to 100% on a timescale as short as a few 100 s. Unfortunately, an 
estimate of any periodic behavior (orbital period or spin period 
of the white dwarf) is not possible given the rather short X-ray 
observation and the low count rate. 

Taking all facets together, the source XGPS-9 is almost cer- 
tainly a magnetic cataclysmic variable. A final classification, 
AM Her type or DQ Her type (polar or intermediate polar), 
i.e. with synchronously or asynchronously rotating white dwarf, 
would need measurements of both the orbital period and the 
spin period of the white dwarf. The absence of a soft X-ray 
spectral component, a prominent defining feature for polars in 
the ROSAT era does not rule out the classification of XGPS- 
9 as a polar. Follow-up observations of definite polars with 
XM M-Newton revealed a ~30% fraction without a soft compo- 
nent (Ramsav & Cropper 2004). To the best of our knowledge 
XGPS-9 is the first magnetic CV to have been uncovered in 
the 2XMM/2XMMi catalogue as a result of a dedicated opti- 
cal identification programme. However, previously two rather 
bright eclipsing polars were discovered amongst t he 2XMM 
sources due to their pro minent X-ray variability (VogeTetaTJ 
120081: iRamsav et alj|2009l) . 

5.2.2. XGPS-24 and XGPS-65 

We show in Fig. [9] and Fig. [10] the finding charts for sources 
XGPS-24 and XGPS-65, respectively. The VLT spectra obtained 
with FORS2 and grism GRIS_300V for the respective counter- 
parts are reproduced in Figs. Q~T] and [T2] The optical spectra of 
the counterparts of sources #24 (object B) and #65 USNO-B1.0 



12 Unconstrained thermal plasma model fits of magnetic CVs tend 
to reveal unphysical high plasma temperatures due to reflecti on and/or 
warm absorption, see e.g. Schwarz et al. (2009); Staude et al. ( 2008) 



Table 6: HB equivalent widths (in A) and derived quantities for 
the non-magnetic CVs XGPS-24 and -65. 

XGPS B V EW(Hjg) My log(F x /F v ) Ay £>/kpc 



24 
65 



24.3 22.8 -25: 

23.4 22.0 -9i 



5 7.6 ±0.6 
1 5 ± 0.3 



-0.18 
-0.82 



7- 
16 



1.1 

2.5 



0789-0404378 are very similar. Both show Hydrogen Balmer 
(a,B,y) and He I (/L15875, 6678) emission lines on a reddened 
smooth continuum. The absence of Hell emission suggests a 
classification as non-magnetic cataclysmic variables, i.e. disk 
CVs whose X-ray emission likely originates from the boundary 
layer between the disk and the accreting white dwarf. A further 
division according to CV subclass is not possible/reliable given 

the sparse observational data base. 

However, following iPattersonl d 19841) we estimate the ab- 
solute brightness My of the accretion disk from the ob- 
served equivalent width of the HB line, EW(HB) = 0.3M 2 + 
exp(Q.55(My - 4)). Using the same observable the X-ray to 
optical flux ratio may be inferred with the empirical rela- 
tion of iPatterson & Raymond! (Il985l) : log(F x /F v ) = -2.21 + 
lA5log(EW). Measurements and results are compiled in 
Tabled 

Many caveats have to be made when interpreting the num- 
bers in Table[6] Patterson's EW-My relation displays a large scat- 
ter by 1.5 mag above EW ~ 15 A, and it is even less certain at 
lower widths. The apparent B and V magnitudes were derived 
from the observed spectra by folding those through model filter 
curves and are probably accurate to about 30%. The biggest un- 
certainty is the rather unconstrained Ay. Some constraints on the 
absorbing column density can be derived from the X-ray spec- 
tra. They are compatible with a one-component thermal spec- 
trum with kT > 5keV. Fixing the temperature at 5keV, Nh~ 
(0.2-2.4) x 10 22 crrT 2 for XGPS-24 and ~ (0.8 -2.4) X 10 22 cm 2 
for XGPS-65, imp l ying Ay = 1-13 using the calibration of 
iPredehl & Schmidd 1995ft . 

Alternatively, E(B - V) and Ay can be estimated using the 
observed B - V colour of the systems as derived from the 
spectrophotome try and an as sumed intrinsic colour. Assuming 
(B - V) - 0.3 (lTvlendalll98l and Ry = 3.1 for Galactic dust, 
Ay =i 4 for the two systems. In Table [6] distance limits are de- 
rived for the range Ay = 1-5 using My derived from Patterson's 
EW-My relation. 

The X-ray spectral parameters yield an unabsorbed 0.2- 
12keV spectral flux of a few times 10~ 13 ergscrrr 2 s , which 
at the lower limit distance estimates of 1.1 and 2.5 kpc listed in 
Table|6]give luminosities of (1 - 5) x 10 31 erg s _1 . Values in that 
range are expected for nova-like CVs or dwarf novae in quies- 
cence and we propose such an identification for the two systems. 



5.3. Candidate High-Mass X-ray Binaries 

Einstein and ROSAT all-sky survey ob servations of OB stars 
dPallavicini et al.lll98lUBerghoefer et al.ll 19971) have established 
a rather well defined relation between X-ray and stellar bolomet- 
ric luminosities, Lx ~ 10~ 7 xLboi, with maximum X-ray (0.1- 
2.4 keV) luminosities of the order of a few 10 32 ergs~' for the 
hottest O-type stars. X-ray spectra are adequately described by 
multi-temperature thin thermal emissions. When fitted with a 
single temperature component, the mean k T is ~ 0.2-0 .6 keV for 
O stars and kT ~ 1 keV for B stars (see e.g. Naze 2009J for a re- 
cent survey of XMM-Newton observations). The XGPS sources 
listed in this section display properties departing from those of 
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Fig. 9: A 2 min long ESO-VLT V band exposure showing the 
field of XGPS-24. The CV counterpart of the X-ray source (ob- 
ject B) is the object located at the South-West. North is at the top 
and East to the left. The field of view shown is approximately 
l'xl'. 




Fig. 10: A 2 min long ESO-VLT V band exposure showing the 
field of XGPS-65. The CV counterpart of the X-ray source, 
USNO-B1.0 0789-0404378, is marked. North is at the top and 
East to the left. The field of view shown is approximately l'xl'. 



normal early type stars, either based on their large X-ray lumi- 
nosities in excess of several 10 33 ergs~' or on the basis of an 
unusually hard X-ray spectrum. Extreme wind collisions such 
as proposed for the X-ray selected WR star XGPS-14, may ex- 
plain the observed properties to some extent. However, the high 
Lx and/or the X-ray hardness combined with the absence of WR 
signatures and evidences of Balmer emission suggest the pres- 
ence of a compact object accreting f rom a circumstella r disc as 
in "classical" Be/X-ray systems (see iNegue ruela 2007, for a re- 
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Fig. 11: Identification spectrum of XGPS-24 (i.e., of object B). 
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Fig. 12: Identification spectrum of XGPS-65 (i.e., of USNO- 
B 1.0 0789-0404378). 



cent review) or fr om the massive stellar wind of a supergiant 
star (ICorbetlll986l) . Our sample includes four tentative identifi- 
cations of X-ray binaries with high mass primaries. We outline 
below the supporting evidence for each of these sources. 

5.3.1. XGPS-3 

The XMM-Newton source position coin cides with a radio source 
detect ed in the 1 .4 GHz survey of Zoonematkermani et al. 
( 199d b and the 5G Hz VLA survey of the Galactic Plane 
(Bec ker et al.lll994l) . It also matches wit h the ASCA Galacti c 
Plane Survey detection AX J1832.1-0938 dSugizaki et al .112001b . 
The X-ray source is identified with GSC2 S300302241761 / 
2MASS 18320893-0939058 with a probability greater than 98% 
(see optical finding chart in Fig. 33). Our optical spectrum (Fig. 
fT4l shows that this relatively bright star (R = 16.80 + 0.45) ex- 
hibits a very strong Ha emission line (EW of -104 A) super- 
posed on a highly reddened continuum and is indeed the likely 
optical counterpart of the X-ray source. IStephenso n1 (ll992h also 
reports a strong near infrared excess and identify this star with 
IRAS 18293-0941. The source is also present in the DENIS sur- 
vey (I = 12.325+0.020). Its 2MASS magnitudes are very bright 
with J = 7.05+0.007, H = 5.49 +0.015 and K = 4.34+0.027. We 
show in Fig.[13]the 5.8/y image acquired by the IRAC instrument 
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Fig. 13: The 5.8yU image of the field of XGPS-3 as seen by 
Spitzer. North is at the top and East to the left. The field ap- 
proximately covers 4x4 
arcmin. 
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Fig. 14: The observed optical spectrum of XGPS-3. 



on board Spitzer, which illustrates the large infrared brightness 
of the counterpart. Amazingly, this bright source is not found in 
both the "reliable" and "less reliable" versions of the final 2007 
GLIMPSE I catalogue available at IPAC. This absence might be 
due to the fact that saturation did not allow clean extraction of 
the infrared parameters. 

In addition to the prominent Ha line, our spectrum exhibits 
Hel emission lines at /16678 and /17065 A (Fig.fPfli. The absence 
of any visible photospheric absorption features makes spectral 
classification extremely difficult. Furthermore, since our discov- 
ery spectrum was acquired with EFOSC2 and grism #6, the 
wavelength range does not cover the Paschen line region. Model 
spectra of B to K giant stars can reasonably well account for the 
slope of our optical spectrum assuming a large E(B-V) in the 
range of 5 to 7. Later spectral types would display TiO bands 
which are not detected in the red part of our spectrum. We plot 
in Fig. [15] the overall optical to infrared energy distribution of 
the star, using our own flux calibrated spectrum, and GSC 2.2, 
DENIS, 2MASS and IRAS photometry, together with a theoret- 
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Fig. 15: The spectral energy distribution of the optical counter- 
part of XGPS-3. Data points show the 2MASS and IRAS pho- 
tometry, while the optical spectrum is plotted. The continuous 
line represents the theoretical energy distribution of a 061 star 
with E(B-V) = 6.9. 



ical model for a 061 star dCastelli & Kuruczll2 004). In fact good 
fits are obtained with model energy distributions corresponding 
to super-giant 06 to K0 stars. However, in all cases, the 12 and 
25 yu IRAS fluxes seem an order of magnitude above model ex- 
pectations and might be indicative of a cool dusty circumstellar 
envelope. Assuming that the underlying spectrum is that of an 
early type OB star implies E(B-V) ~ 7.0 while a G0I star would 
still require E(B-V) ~ 6.0. Such a high reddening, if not intrinsic 
to the source indicates astonishingly large distances and accord- 
ingly a very high luminosity. To find the distance correspond- 
ing to this reddening we used both the 3-D extinction model of 
iDrimmel et all J2"00 3:P1 based on FIR COBE/DIRBE data and 
that of iMarshall et a l. (2006) relying on a modelling of the gi- 
ant stellar population detected at large distances by 2MASS. 
Both models predict that E(B-V) ~ 7 is reached between 8 
and 9 kpc. At this distance the absolute K magnitude of the 
star reaches an exce ptional value of Ko = -12.4. Interestingly, 
lLockman et alj d 19961) note the presence of a nearby HII region 
[LPH96] 022.162-0.157, only 33 arcsec away from XGPS-3. 
The HII region has two velo city components which, using the 
velocity distance relation of I Anderson & Ba nia (2009), imply a 
distance of either 4.8 kpc or 9 kpc, the latter being close to that 
estimated from the reddening. 

We reprocessed the XMM-Newton data of observation 
0135741701. Only the MOS detectors were on at the time of 
this observation with both medium filters deployed. XGPS-3 
is detected with a count rate of 0.13 ct/s. However, the mod- 
est exposure time of 6.9 ks and a strong vignetting due to the 
large off-axis angle of the source yields only about 300 pho- 
tons in each MOS camera. We thus grouped the X-ray spec- 
tra with a minimum of 15 counts per channel and used the 
XSPEC C statistics for fitting. A power-law model (see FigfTST) 
provides a good fit to the MOS spectra with a photon in- 
dex of 1.45+Q4Q and a strong photoelectric absorption of Nh 
= 2.69+°™xl0 22 cirT 2 (90% confidence level). A thin thermal 
(mekal) energy distribution also provides a good fit to the ob- 
served spectra with kT = 4.2 ± 0.6 keV, when Nh is fixed at the 
value inferred from the optical/infrared reddening (E(B-V) = 7 



13 In general, we prefer to use Marshall's determinations which are 
not sensitive to variations of dust temperature along the line of sight. 
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Fig. 16: The MOS 1 (black) and MOS 2 (red) spectra of XGPS- 
3 fitted with a power law of photon index 1.45 and Nh= 
2.7x10 22 citT 2 . 



or Nh~ 3.8x10 ). Assuming a power-law model, the observed 
0.2-10keV flux is 3.2x 10" 12 ergcm _2 s _1 equivalent to an un- 
absorbed 0.2-10keV flux of 5.6xl0~ 12 ergcirT 2 s _1 . The corre- 
sponding X-ray luminosity is Lx = 6.7 x 10 34 (d/10kpc) 2 ergs -1 , 
corrected for interstellar absorption. It may be noted that the flux 
(1.97 x 10~ 12 ergcirT 2 s _1 ; 0.7-10 keV) and spectral shape (pho- 
ton index = 3.67+°™ and N H = 5.48+} ^ x 10 22 atoms cm -2 ) ob- 
served by ASCA are not consistent with the XMM-Newton val- 
ues and provide evidence of long-term flux and spectral variabil- 
ity. No significant flux variability is detected during the ~ 2 hour 
XMM-Newton observation. 

Taken at face value, the large reddening and inferred dis- 
tance imply that the optical counterpart is a rare super-giant star 
with an extreme luminosity. The overall observational picture 
presented by XGPS-3 is clearly reminiscent of that of 77 Carina, 
which displays similar optical and X-ray luminosity and X-ray 
spect ral shape dDavidson & Humphreys! 19971: IChlebowski et al.l 
1984). By analogy with the model favoured to explain the ab- 
sorbed high-energy emission from r\ Carina, we may speculate 
that wind collision in a binary system may be at the origin of 
the copious X-ray emission. For XGPS-3, however, we would 
expect a different viewing condition to the X-ray source, since 
the photoelectric X-ray absorption, is consistent (at least for the 
thermal model) with that seen in the optical/infrared range. The 
detection of radio emission also fits well in t his picture since 77 
Carin a itself is a strong variable radio emitter dDuncan & White! 
2003, and references therein). Alternatively, assuming that the 
star is a more common dwarf or giant hot star, then the presence 
of strong intrinsic X-ray absorption and optical reddening would 
suggest that a cocoon of absorbing matter surrounds the source. 

However, the large inferred X-ray luminosity is also consis- 
tent with a scenario in which a compact object, a neutron star 
or a black hole, accretes matter from the dense wind of an early 
type companion star. 

5.3.2. XGPS-10 

This source is located in the field designated XGPS-2 (nb recall 
that the XGPS field names are not related to the source number- 
ing system employed here). Although the source position and 
finding charts produced by an early (2001) version of the stan- 
dard analysis are available, the observation data unfortunately 



suffer from an ODF description problem which prevents it from 
being processed by the current pipeline. XGPS-10 is thus not in 
the 2XMM or 2XMMi catalogues. However, at the telescope we 
used the position and associated errors computed by the 2001 
pipeline (RA = 18 27 45.49 , DEC=-12 06 06.7 and a 90% error 
radius of 2.3") which is fully consistent with that listed in the 
XGPS-I catalogue while providing a smaller error radius. The 
XGPS MOS-based hardness ratio of this source is 0.56, indica- 
tive of a hard spectrum but not the degree of absorption expected 
for a background extragalactic object (assuming af = 1.7 power 
law energy distribution). The two faint candidates A and B, are 
shown in Fig. [18] The third faintest object to the North [of candi- 
date A] was not spectroscopically observed. Candidate B shows 
Ha in absorption and no evidence for Paschen lines, suggesting 
a rather late type star. Because of the relatively large reddening, 
the G band could not be measured. The absence of strong Mg 
"b" feature suggests a possible F-G spectral type. However, can- 
didate A might exhibit a double-peaked Ha line in emission and 
shows high-order Paschen absorption lines (see Fig.[T7l> consis- 
tent with an early B spectral type or with a ~ mid F type star 
dFrematetalJ |l996|). XGPS-10 has no match with 2MASS stars 
within 5 arcsec. There is however a GLIMPSE source at RA 
= 18 27 45.44 and DEC = -12 06 06.3 detected only in the 
3.6/u and 4.5/j bands. Its position is consistent with either can- 
didate A or the fainter object to the north. Assuming that the 
GLIMPSE source is indeed candidate A yields an optical to in- 
frared energy distribution suggesting E(B-V) ~ 3.9 and E(B-V) 
~ 3.2 for a B0V and a F2V star respectively. Fitting the spectral 
distribution to the flux calibrated optical spectrum alone yields a 
slightly smaller value of the reddening of E(B-V) ~ 3 and E(B- 
V) ~ 2.2 for a B0V and a F2V star respectively. The estimated 
V band magnitude of candidate A (V ~ 23.7) would imply dis- 
tances of the order of lOkpc assuming an early type star. Such 
a large di stance is in fact con sistent with a total Av of 12.1 de- 
rived by iMarshall et al.l d2006l) . since in this direction the line 
of sight appears much clearer than towards source XGPS-3. The 
unabsorbed 0.2-10keV X-ray luminosity is of the order Lx ~ 
3.7xl0 34 (d/10 kpc) 2 ergs~\ assuming a spectral shape similar 
to that of XGPS-3. Overall, the observational picture could be 
consistent with a Be/X-ray system in quiescence. However, con- 
sidering the need to confirm the Balmer emission of candidate 
A we regard the identification of XGPS-10 with a high-massive 
X-ray binary as uncertain. 

5.3.3. XGPS-15 

Two relatively bright stars occupy the error circle (see FigfT9l. 
We tentatively identify the X-ray source with the object lo- 
cated on the Eastern side, which is also 2MASS 18281430- 
1037288 and identical to the GLIMPSE source SSTGLMA 
G020.8457+00.2476. The formal probability of identification of 
XGPS-15 with the 2MASS entry is 55% and therefore the as- 
sociation cannot be proven solely on the basis of positional co- 
incidence. Our optical spectrum reveals a heavily reddened flux 
distribution. It shows rather clear evidence for Ha emission (see 
Fig.[20b with an equivalent width of — 1.9A and, again, high or- 
der Paschen lines in absorption with depths consistent with those 
expected from an early B0V type star. In contrast, the optical 
spectrum of the western star, which is the brightest in the opti- 
cal, exhibits a much less reddened continuum and Ha in absorp- 
tion. The slope of the optical spectrum of the candidate 2MASS 
identification indicates E(B-V) ~ 5.0, assuming an early B-type 
stellar continuum. The optical and GLIMPSE energy distribu- 
tion are indeed well represented by a T e ff 30,000 K stellar atmo- 
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Fig. 17: Red part of the ESO-VLT FORS2 spectrum of candi- 
date A for XGPS-10 displaying evidences of Paschen absorption 
lines. The Call triplet is mostly of interstellar origin (spectrum 
filtered with a 10A window). Insert: the Ha region (spectrum 
filtered with a 3.3A Gaussian). 
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Fig. 18: A 20s long ESO-VLT white light exposure showing the 
field of XGPS-10 and the position of candidates A and B. North 
is at the top and East to the left. The field approximately covers 
lxl arcmin. The position and 90% confidence radius shown here 
are those produced by the 2001 version of the XMM-Newton 
pipeline. 
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sphere model (ICastelli & Kuruczll2004 subject to E(B-V) 
(see FigEB. 

The fact that the 2MASS photometry does not fit the model 
suggests the presence of an interloper within the 2MASS photo- 
metric radius or the existence of variability. With an estimated R 
~ 22.2 derived from the optical spectrum, a B0V star would be 
located at ~ 5 kpc for a total absorption of Av = 15.8. However, 
this r eddening is reached a t a distance of ~ 10 kpc in that direc- 
tion dMarshall et al.ll2006h for which the absolute K magnitude 
of ~ -5.3 would then indicate a giant or super-giant star. 
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Fig. 19: A 30s long ESO-VLT I band exposure showing the field 
of XGPS-15. The proposed optical counterpart is the 2MASS 
source. North is at the top and East to the left. The field approx- 
imately covers lxl arcmin. 




Fig. 20: Black line; combined GRIS.300I and GRIS.300V opti- 
cal spectrum of 2MASS 18281430-1037288, the possible coun- 
terpart of XGPS-15, obtained at ESO-UT4 and smoothed with a 
cr = 5A Gaussian filter. Red line; the best fit spectrum of a red- 
dened B0V star. Blue labels show the positions of the strongest 
interstellar absorption bands. 



The large off-axis position and relative faintness of the 
source limits the constraints that can be derived from the shape 
of the X-ray energy distribution. A power law adequately fits 
the combined data from the three EPIC cameras (x 2 r = 1.27) 
and gives Nh = 7. 8^ 4 x 10 22 cirT 2 with a photon index of 
2.4*}q. The corresponding unabsorbed X-ray luminosity is Lx~ 
5.4xl0 34 (rf/10kpc) 2 ergs- 1 (0.2-12keV). In the direction of 
XGPS-15, the total Galactic absorption is ~ 6.4 x 10 22 cirT 2 
and therefore the X-ray spectrum could be consistent with an 
extragalactic origin if the early type star is simply a chance in- 
terloper.. 

If the identification of XGPS-15 with 2MASS 18281430- 
1037288 were confirmed, the reddening of the optical candidate 
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Fig. 21: The spectral energy distribution of the possible opti- 
cal counterpart of XGPS-15. Data points show the 2MASS and 
GLIMPSE photometry, while the optical spectrum is plotted in 
red. The continuous line represents a theoretical energy distribu- 
tion of a BOV star with E(B-V) = 5.0. 
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Fig. 22: The spectral energy distribution of the optical counter- 
part of the Be/X-ray source XGPS-36. Data points show the 
GSC2.2, 2MASS and GLIMPSE photometry, while the optical 
spectrum is plotted in red. The continuous line represents a the- 
oretical energy distribution of a B1V star with E(B-V) = 1.5. 



(E(B-V) ~ 5.0) implies N H ~ 2.8 10 22 cm" 2 dPredehl & Schmitll 
1995) and would suggest the presence of an additional local ab- 
sorption in the X-ray domain, as is sometimes seen in the super- 
giant high -mass X-ray binaries discovered by INTEGRAL (see 
e.g JWalter etlfll2O06l) . An identification with a giant star could 
be consistent with the absence of strong infrared excess in the 
Spitzer bands. An accreting Be/X-ray system would probably 
exhibit a noticeable excess of infrared emission from the cir- 
cumstellar disc. 

5.3.4. XGPS-36 

A bright optical object, GSC2 S300302371, occupies the error 
circle (see finding chart in Fig. 33). Its optical spectrum (see 
Fig. 32) was unfortunately not acquired under the best condi- 
tions. The continuum shape of the flux-calibrated spectrum is 
distorted as the slit was not aligned to the parallactic angle, and 
the observation was carried out under non-photometric condi- 
tions. Many diffuse interstellar bands are visible. The equivalent 



width of t he /15780 and /16613 A lines are consistent with E(B- 
V) ~ 1.5 (Herbig 1975). Balmer absorption lines are also clearly 
visible blue-ward of H/J. Several Hel absorption lines are seen 
with equivalent widths suggesting an early B type star. The Ha 
line is strongly in emission with an equivalent width of 27A. 
The overall spectral energy distribution (SED) based on the op- 
tical, 2MASS and GLIMPSE data (see Tab. [3 is shown in Fig. 
l22l Assuming E(B- V) = 1 .5, the B to H band flux distributio n fits 
well that of a T eS 25,000 K model (ICastelli & Kuruczl2004h cor- 
responding to a Bl V star. However, the SED shows evidence for 
an infrared excess starting red-wards of 2fi which may indicate 
the presence of a large circumstellar envelope. A Bl V star would 
need to be at ~ 2.6 kpc to account for the [K-band] 2MASS ob- 
se rved magnitude of 9.6 7. Interestingly, the 3-D absorption map 
of iMarshall etail J2006) indicates that the reddening of E(B-V) 
= 1.5 is reached at about 2.5 kpc, fully consistent with the pho- 
tometric distance. 

The 2XMM EPIC pn hardness ratios (see © reveal a rather 
hard X-ray spectrum with, for EPIC pn, HR2 = 0.882 ± 0.430; 
HR3 = 0.613 + 0.211 and HR4 = -0.039 + 0.196. Assuming 
a power-law energy distribution with a photon index of 1.9 
and a column density fixed at the optically derived E(B-V), the 
observed flux of 2.57 ±0.34xl0 -13 erg crrT 2 s~ 



absorbed X-ray luminosity of 3.4xl0 32 {d/3 kpc) 2 erg s 1 (0.2- 



yields an un- 

2 erg s~ 

12keV). The overall observational picture, spectral type, equiv- 
alent width of the Ha line, X-ray hardness ratios and luminosity, 
clearly suggest that XGPS-36 is another member of the grow- 
ing class of y-Cas analogs, a group of early Be stars exhibiting 
very hard thermal X-ray emission (kT ~ lOkeV) and X-ray lu- 
minosities of a few 10 32 ergs~' (Lope s de Oliveira et al. 2006; 
iMotch et ai]l2007al) . 



5.4. Candidate low-mass X-ray binaries 
5.4.1. XGPS-1 

This source is coincid ent in position with SAX J1828. 5-1037 
dCorn elisse et al. 2002) which is known to exhibit X-ray bursts. 
It bel ongs to the growing class of very faint X-ray tran- 
sients dSakano et al J 120051: fang & Wiinandsl 12006) whose ex- 
act nature remains uncertain. An optical spectrum of GSC2 
S300302034199, the bright star located slightly outside the 
2XMM 90% confidence error circle (see Fig.l23l shows that the 
object is a normal G-type star and thus unrelated to the X-ray 
source. The faint object in the error circle located to the north- 
west of GSC2 S300302034199 has I ~ 21.6. The absence of a 
bright optical counterpart is consistent with a low-mass X-ray 
binary type and a large interstellar absorption. 



5.4.2. XGPS-25 

XGPS-25, alias 2XMM J182854.6-1 12656, is identified with a 
relatively bright object (R ~ 17.05) detected in the USNO and 
GSC2 R band and 2MASS and DENIS infrared surveys but with 
no GLIMPSE counterpart (see optical finding chart in Fig. 33). 
A radi o source detected i n the Parkes-MIT-NRAO (PMN) cata- 
logue dGriffith et al.ll 1994, source catalogue for the tropical sur- 
vey (-29°< Delta < -9.5°) at 4850 MHz) is found 20.2" away 
from the X-ray source and owing to the error on the radio posi- 
tion, could still be associated with the 2XMM source. The opti- 
cal spectrum exhibits a wealth of interstellar bands suggesting a 
rather strong reddening. In addition to the Ha, H/3 and /16678 Hel 
emission lines, there is clear evidence for the /14686 Hell and 
/M4630-4660 CIII-NIII Bowen complex high excitation lines. 
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Fig. 23: A 30 second ESO-VLT I band exposure showing the 
2XMM position of the bright X-ray transient [here designated 
XGPS-1]. North is at the top and East to the left. The field ap- 
proximately covers lxl arcmin. 

The equivalent widths remain modest ranging from —4. 3 A for 
Ha to ~ — 1.1A and -0.9A for H/3 and Hell respectively. The 
optical candidate is only detected in the DENIS I and J bands, 
with only non-constraining upper limits available in the 2MASS 
H and K bands. Although the flux derived from the GSC2.2 R 
band appears fully consistent with that of our calibrated spec- 
trum, the I and J band seem about ~ 0.4 mag brighter than the 
extrapolation toward longer wavelengths of the optical spectrum, 
suggesting some long term variability. The optical spectrum and 
the I and J flux can be independently fitted by a BOV star en- 
ergy distribution undergoing E(B-V) ~ 1.5. XGPS-25 was only 
detected in observation 0051940601 which, unfortunately, suf- 
fers from a large background flare. The combined EPIC spec- 
trum gathers 1.7ks and 3.8 ks of usable pn and MOS exposure 
time. Owing to the small number of counts we used the C statis- 
tics in XSPEC. The energy distribution of XGPS-25 is extremely 
hard with a power-law photon index of 1.07^S - ^ or a thin ther- 
mal temperature in excess of lOkeV with Nh ranging from 1 to 
8xl0 21 cirT 2 . The upper range of Nh is compatible with the E(B- 
V) estimated from the slope of the optical flux calibrated spec- 
trum. In the direction of the sourc e, E(B-V) = 1 .5 is r eached in 
the distance range of ~ 2 to 4 kpc ( Mar shall et al.l2006h . yielding 
Mr ~ 0.6 -2.1, while the unabsorbed X-ray luminosity would be 
~ 4.3xl0 32 ergs-' at 3 kpc. 

XGPS-25 is clearly not a high -mass system and the deter- 
mination of its true nature requires further observations. The 
X-ray luminosity and spectral shape are consistent with those 
expected from a cataclysmic variable of the intermediate polar 
type (see e.g. Pat terson! 1 19941) . However, the likely high opti- 
cal brightness of the co unterpart seem s at first glance inconsis- 
tent with a CV nature dWarnerl [l987). Although some old no- 
vae and n ovae-like systems do exhibit the NIII-CIII complex in 
emission (Williams & Ferguson 1983) as well as some AM Her 
systems (ISchachter et al][l99ll) . the high relative strength of the 
Bowen complex compared to Hell 4686 is at odds with what is 
observed in CVs. In addition, the X-ray emission of novae-like 
systems arising from shocks in the boundary layer between the 
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Fig. 24: Blue part of the optical spectrum of the counterpart of 
XGPS-25 showing the pronounced interstellar absorption lines 
(marked at the bottom) and the Hell and CIII-NIII Bowen emis- 
sion lines. 



accretion disc and the white dwarf usually have soft thermal en- 
ergy distributions at variance with that observed in XGPS-25. 
Alth ough some symbiot i c binaries emit hard X-ray spectra (see 
e.g. lMuerset et al.|[l997t iKennea et al.ll2009l) . the absence of M 
giant signature in the optical spectrum and the low equivalent 
width of the emission lines seem to exclude this hypothesis. A 
possibility would be that of a transient low-mass X-ray binary 
in the quiescent state. Alternatively, XGPS-25 could be an X- 
ray bright LMXRB whose X-ray emission is mostly shielded by 
an accretion disc seen at high inclination, such as for the accre- 
tion disc coronae (A DC) sources 4U 1822-37 and 4U 2129+47 
(IWhite & Holtll982l) . ADC sources exhibit a wide range of opti- 
cal and X-ray properties. In the case of 4U 2129+47 for instance, 
a type I X-ray burst sugg ests that only 0.2% of the central X-ray 
luminosity is observed (Gar cia & Grindlavlll987l) . The amount 
of visible scattered X-ray emission will depend both on the opti- 
cal depth and extent of the ADC and on the inclination of the ac- 
cretion disc which determines th e fraction of the ADC shielded 
by its edge d White & Holtll 1982b . In this framework, the modest 
Lx emitted by XGPS-25 may indicate a low central X-ray lu- 
minosity and/or a small visible scattered fraction. The LMXRB 
scenario is also supported by the relatively small EW of the op- 
tical lines which appear comparable to t hose exhibited by many 
LMXBs (see e.g. lMotch & Pakulllll989l) . 

5.5. Notes on other unidentified XGPS sources 

In this section, we report on the 7 unidentified sources for which 
we could obtain significant spectroscopic information, useful for 
further optical identification work, and from which constraints 
on the possible nature of the X-ray emitter can be derived. The 
remaining six unidentified sources either have too faint optical 
candidates, offset XGPS positions with respect to 2XMM co- 
ordinates or very large error circles leading to an impracticable 
number of possible candidates. 

5.5.1. XGPS-5 

This source has MOS and EPIC pn hardness ratios consistent 
with an extragalactic origin. The only bright star visible close to 
the 2XMM error circle (marked on Fig. [25} displays the Mgb 
band, Ha absorption and weak high order Paschen lines. The 
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Fig. 25: A 20 second ESO-VLT white band exposure showing 
the 2XMM position of source XGPS-5. North is at the top and 
East to the left. The field of view shown is approximately l'xl'. 
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Fig. 26: A 20 second ESO-VLT white band exposure showing 
the 2XMM position of source XGPS-8. North is at the top and 
East to the left. The field of view shown is approximately l'xl'. 



overall spectrum is consistent with a late G star undergoing a 
mild reddening of E(B-V)~ 1.5 and therefore is unlikely to be 
the optical counterpart of the hard X-ray source. 

5.5.2. XGPS-7 

The R ~ 18.8 star USNO-B1.0 0782-0453438 lies slightly 
outside of the 2.3" 90% confidence error circle (see optical 
finding chart in Fig. 33). The identification probability is less 
than 2%, based on positional coincidence. USNO-B1.0 0782- 
0453438 displays Ha in absorption and evidence for high- 
order Paschen lines in absorption. There is a GLIMPSE source 
G019.5207+00.3343 only 1.2" away from the X-ray position 
and probably coincident with a faint optical object exhibiting 
a reddened featureless spectrum. The overall SED can be fitted 
equally well by an 09V or a F6V star undergoing a high redden- 
ing of E(B- V) ~ 5 and ~ 4 respectively. 

5.5.3. XGPS-8 

This source remains unidentified down to very faint optical 
limits. XGPS- 8 is probably identica l to the ASCA source AX 
J1830.6-1002 (ISugizaki et alJ l200lb located only 18.6" away 
from the XMM position. XGPS-8 is also probably detected by 
the SPI instrument on board INTEGRAL dBouchet et aT1l2008l) 
up to lOOkeV and by IBIS/ISGRI up to 40keV dBirdetall 
2007), although the identification of the SPI detection with the 
ASCA source is quoted as tentative since more than one possible 
identification could exist. Interestingly XGPS-8 also coincides 
with a radio source, GPSR5 21.631-0.007, detecte d in the 5GHz 
VLA survey of the Galactic Plane conducted by iBecker et alJ 
dl994l) . This source is also present in the NVSS catalogue. The 
XMM EPIC spectrum is not consistent with that of an extra- 
galactic object since it displays a significant flux down to 0.5 keV 
and seems to consist of two distinct components peaking at ~ 
1 ke V and 5 keV. Three faint stars are visible in the 90% confi- 
dence XMM error circle (see Fig. 126b. We have collected spectra 



of the brightest object located at the south of the error circle 
and of the faint one to the north both marked on Fig. [26] The 
two spectra are rather noisy and none of these two candidates 
displays any convincing evidence for Balmer or Paschen emis- 
sion or absorption lines. The third object located at the west of 
the error circle is probably coincident with 2MASS 18303813- 
1002463, DENIS J183038.2-100246 and the GLIMPSE source 
G021.6316-00.0061. The probability of identification of XGPS- 
8 with the 2MASS source is ~ 40%. The 1.2/i to 4.5// SED does 
not allow us to meaningfully constrain the spectral type, but sug- 
gests a reddening of the order of E(B-V) ~ 4, which might not 
be consistent with the presence of a soft component in the X-ray 
spectrum. 

5.5.4. XGPS-28 

This source was detected three times by XMM-Newton (in 
observations 0051940601, 0104460401 and 0135747001) and 
could be slightly variable. Its MOS hardness ratio suggests a 
likely Galactic nature. We observed the relatively faint star at 
the East edge of the error circle which is probably identified 
with 2MASS 18282782-1117500 (see optical finding chart in 
Fig. 33). The spectrum is highly reddened and displays Ha and 
high order Paschen lines in absorption. The error circle contains 
a relatively bright GLIMPSE source G020.2759-00.1 138 with 
a 3.6/u mag of 11.66+0.07. The Spitzer source has no obvious 
2MASS or optical counterpart. 

5.5.5. XGPS-31 

XGPS-31 has EPIC pn and MOS hardness ratios suggesting a 
Galactic origin. Its rather large error circle of 3.0" (90% con- 
fidence level) overlaps with three relatively bright objects. We 
obtained optical spectra of the two bright stars located on the 
Eastern edge of the error circle (marked in Fig. [27T> but failed to 
acquire spectral information on the object located at the Western 
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Fig. 27: A 20 second ESO-VLT white band exposure showing Fig. 28: A 20 second ESO-VLT white band exposure showing 
the 2XMM position of source XGPS-31. North is at the top and the 2XMM position of source XGPS-42. North is at the top and 
East to the left. The field of view shown is approximately l'xl'. East to the left. The field of view shown is approximately l'xl'. 



edge. Neither of these two objects exhibit spectral signatures of 
X-ray activity such as Balmer emission lines. 



spectrum shows Balmer, Paschen absorption lines and a contin- 
uum consistent with a F star reddened by E(B- V) ~ 1 . 1 . 



5.5.6. XGPS-42 

The position of 2XMM J182833.3-102650 coincides with 
GLIMPSE G021. 0390+00.2608, USNO-B1.0 0795-0405657 
and 2MASS 18283337-1026505. In spite of the rather large 90% 
confidence radius of 2.7", the individual probabilities of identi- 
fication of the X-ray source with the USNO-B1.0 and 2MASS 
entries are 94% and 95% respectively and thus qualify this rel- 
atively bright object (R ~ 16.2) as a likely candidate (see Fig. 
f28b . The optical spectrum reveals a reddened continuum with 
Ha in absorption and no evidence for Paschen lines. In the 
pipeline processing used for the 2XMM catalogue production, 
the eposcorr task had failed to correct X-ray positions in ob- 
servation 0135740901 for remaining boresight errors. However, 
in the 2002 pipeline processing we actually used at the tele- 
scope, the eposcorr task had been able to find a likely shift and 
translation improving the attitude and moved the position of the 
source towards candidate "A", the fainter object South-East of 
USNO-B1.0 0795-0405657 but still located close to the 2XMM 
90% confidence circle. Candidate A might be associated with the 
GLIMPSE source G021.0385+00.2599. Our ESO-VLT optical 
spectrum of object A reveals again a reddened continuum with 
Ha absorption. However, deep Pashen lines are clearly detected 
in absorption and hint at an early type star. On this basis, we con- 
sider candidate A is a more likely counterpart of XGPS-42 than 
the brighter USNO-B 1 .0 star which fails to show spectroscopic 
evidence of strong coronal activity. 

5.5.7. XGPS-69 

The relatively bright star (R ~ 17), located somewhat outside of 
the south-west edge of the 90% confidence error circle is USNO- 
B1.0 0785-0414570 (highlighted in Fig. 33). Its probability to 
be associated with the X-ray source if of only 22%. Our optical 



5.5.8. Tentative identification of several bright XGPS sources 
missing in the preliminary catalogue 

A small number of relatively bright X-ray sources present in the 
final catalogue were actually missing in the preliminary XGPS 
list we used at the time of the observations. These sources would 
have been bright enough in the broad X-ray band to enter our 
sample of sources scheduled for optical follow-up. We thus dis- 
cuss below their possible identifications: 

XGPS-I J183216-102303: Ranks as the fourth brightest 
in the broad (0.4-6.0 keV) band. It is also known as 2XMM 
J183216.1-102301 and has a bright USNO-B1.0 (R = 11.80) 
and 2MASS (K = 9.2) match with a probability of identifica- 
tion of 99% and 9 1 % respectively. XGPS-I J 1 832 1 6- 1 02303 was 
also detected by ROSAT as 2RXP J183216.1-102255. The over- 
all picture suggests an identification with a bright active c orona . 
The MOS hardness ratio of 0.51 given in lHands etaf] d2004h 
suggests a hard spectrum possibly indicative of an RS CVn sys- 
tem. 

XGPS-I J182830-1 14516: Ranks at the twelfth position in 
the broad band. As for the previous case the source has a bright 
(R = 12.8) optical counterpart with a high probability of asso- 
ciation (86%). The soft MOS hardness ratio of -0.82 and the 
EPIC pn hardness ratios of HR2 = -0.319±0.067 and HR3 = 
-0.625 ±0.096 clearly indicate an active corona. 

XGPS-I J183053-101936: Stands among the faintest of our 
sample at the 66th position. It is clearly identified with an ac- 
tive corona on the basis of a highly significant match with 
2MASS 18305320-1019370 (K = 9.4; 95%) and USNO-B1.0 
0750-13374636 (R = 14.4; 92%) and of a soft MOS hardness 
ratio of -0.08. 

XGPS-I J183057-103452 (35th), J183156-102447 (60th) 
have no match with USNO-B 1.0 nor 2MASS and no tentative 
identification in Simbad. 
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Accordingly, we assigned a stellar nature to the first three 
sources and include these alongside the 43 objects studied at the 
telescope when discussing the nature of the XGPS source con- 
tent. 

6. Properties and characteristics of the XGPS 
source sample 

We show in Fig. [29] the distribution of the full sample of 
XGPS/2XMM sources in an X-ray two-colour diagram based 
on the hardness ratios deriving from the EPIC pn camera. The 
XMM-Newton EPIC hardness ratios are based on five energy 
bands which expressed in keV units are 0.2-0.5, 0.5-1, 1-2, 2- 
4.5 and 4.5-12.0. Hardness ratio i is then defined as; 

Q+i + Q 

with C, the count rate in band i corrected for vignetting. Soft 
sources exhibit negative hardness ratios. 

The diagram overplots the source nature (active corona, 
X-ray binary, cataclysmic variable or unidentified) as derived 
from our optical spectroscopic campaign for a subset of bright 
sources. Because of the limit of 0.3 set on the hardness ratio er- 
rors, only a fraction of the 269 XGPS/2XMM sources appear 
in the diagrams. In addition, those sources with likely infrared 
or optical counterparts based on the probability of identification 
with 2MASS or USNO-B1.0 are highlighted. 

As expected, the sources with spectroscopically confirmed 
stellar identifications occupy the region with pn_HR3 < 0.0 in- 
dicative of an underlying soft X-ray spectrum, although in some 
cases with non-negligible soft X-ray absorption (as measured 
by pn_HR2). It is also remarkable that most of the XGPS en- 
tries having a likely identification with a bright USNO-B1.0 or 
2MASS candidate (here with a probability of association larger 
than 90%) are also found in the soft region implying that these 
are also very likely active coronae. The handful of spectroscop- 
ically identified active coronae without high probability USNO- 
B1.0 or 2MASS associations are faint Me stars. In these cases, 
the low identification probabilities reflect the high surface den- 
sity of objects as faint as the M star counterparts. 

Interestingly, a small number of hard X-ray sources also 
have high probability matches with relatively bright optical or 
infrared counterparts. At the probability threshold of 90% cho- 
sen here, the sample "purity" or integrated probability of iden- 
tification is about 99%, leaving only 1% of spurious matches 
(see Tab.|2|. We note that this probability threshold also implies 
that we miss about two thirds of all true associations. The to- 
tal number of XGPS/2XMM sources shown in Fig.|29lmatching 
a USNO-B1.0 or a 2MASS entry and having errors on pn_HR2 
and pn_HR3 hardness ratios smaller than 0.3, is of 38. Therefore, 
at most one of these high likelihood associations could be spu- 
rious. Since the probability of a spurious match does not de- 
pend on source hardness, the frequency of wrong identifica- 
tions will be larger for hard X-ray sources which on the aver- 
age have fainter optical counterparts and are less likely to have a 
bright stellar counterpart than soft X-ray sources. This is pos- 
sibly the case of source XGPS-42 (see 95.5.61 ) for which the 
bright USNO-B1.0 counterpart has no spectroscopic evidence 
suggesting it is the true counterpart of the X-ray source, whereas 
the much fainter candidate A exhibits the spectral signatures 
of an early type star and on this basis can be considered as a 
serious contender. XGPS-42 (pn_HR2 = 0.74±0.14; pn_HR3 = 
0.18+ 0.14; pn_HR4 = -0.02+ 0.14) appears as the hardest undi- 
dentified source having a high probability of association with a 



bright optical object. However, the majority of the associations 
between a hard X-ray source and a relatively bright optical or in- 
frared object, are still expected to be true identifications in agree- 
ment with the fact that the y-Cas like object XGPS-36 and the 
Wolf-Rayet associated with XGPS- 14 are found amongst them. 

The identified or candidate low-mass and high-mass X-ray 
binaries and cataclysmic variables preferentially exhibit harder 
X-ray spectra, some approaching that expected for extragalac- 
tic sources. However, CVs in general display spectra signifi- 
cantly softer than those of background AGN. Only one of the two 
XGPS sources identified with an early type B star (XGPS-56, not 
plotted on Fig.[29]for clarity) has an EPIC pn measurement. Due 
to the low count rates in the soft band HR2 is not defined. Its 
HR3 and HR4 ratios of 0.92+0.11 and 0.14+0.16 respectively 
clearly indicate a hard source. Although early-type stars have 
thin thermal spectra of temperature comparable to that of active 
coronae, their somewhat higher average X-ray luminosity (Lx~ 



10 



31-32 



erg s ) allow their detection at large distances in spite 



of the large hardening due to significant photoelectric interstel- 
lar absorption. Source XGPS- 14, identified with a likely wind 
colliding Wolf-Rayet star also appears as a hard X-ray source. 

It can also be seen that several of the sources we failed to 
identify have hardness ratios significantly softer than those ex- 
pected from a typical AGN absorbed by the full Galactic line- 
of-sight column density. The nature of these Galactic sources is 
hard to guess. In the absence of a 2MASS or GLIMPSE infrared 
source an identification with a massive X-ray binary or a y-Cas 
like analog seems unlikely. Cataclysmic variables would make 
viable candidates since we know from our identification of the 
relatively X-ray bright source, XGPS-9 with a V ~ 23 object, 
that CVs may turn out to be hard to identify in the large XMM- 
Newton error boxes and even beyond the spectroscopic reach of 
the VLT, at least in the optical band. However, some of these 
unidentified sources may belong to a new group of moderate- 
to low-lum inosity X-ray sou rces such as wind-accreting neu- 
tron stars dPfahl et al. 12002) or pre low-mass X-ray binaries 
dWillems & Kolbl 20031) . If this putative population has a space 
density which rises sharply with declining galacto-centric radius, 
then the X-ray surveys of the Galactic Plane carried out prior 
to XMM-Newton and Chandra may contain very few relatively 
nearby archetypes of this population. 

With an assumed luminosity of the CVs of Lx ~ 10 31 erg s _1 
and a limiting flux of F\[ m ~ 2x 10~ 14 ergcrrT 2 s _1 , the max- 
imum distance for a CV to be included in our sample, ig- 
noring absorption, is about 2kpc (absorption with a column 
density of Nh = 10 22 cirT 2 only gives a 10% flux reduction 
in the 2 - -lOkeV band). The volume probed per XMM- 
pointing is ~ 1.1 x 10 5 pc 3 . The CV space density is not well 
known, with recent obs ervational constraints derived from the 
ROSAT Brigh t Survey dSchwope et al.l 120021) and the ROSAT 
NEP Survey dPretorius et al.l 120071) for non-magnetic CVs giv- 



ing p ~ 1 .5 x 10~ 6 ...1.1 x 10~ 5 pc~ 3 . Both values are neverthe- 
less compatible with each other, because the RBS only probes 
the intrinsically bright part of the parent population, while the 
NEP also probes the faint end of the luminosity function at 
log(Lx) < 30.5 erg s _1 , which currently is very poorly under- 
stooco In 17 XGPS pointings we might thus expect approxi- 
mately 3 (RBS-type) Lx ~ 10 31 ergs 1 non-magnetic CVs. Our 
survey area is too small to uncover the likely more abundant low- 
luminosity CVs at Lx = 10 30 ergs _1 . In 17 XGPS pointings we 



14 see the discussion by Pretorius in the conference 
Wild Stars in the Old West published on-line only 
http://www.noao.edu/meetings/wildstars2/talks/tuesday/pretorius.pdf 
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Fig. 29: The distribution of the XGPS/2XMM sources in the EPIC pn hardness ratio diagrams. For clarity, we show only those 
sources with hardness ratio errors less than 0.3. Upper panel: Larger red squares; sources having an optical or infrared counterpart 
with matching probability above 90%. Small black squares; the remaining XGPS sources. The overplotted characters (in blue) show 
the sources observed at the telescope. Stars - identified active coronae; V - cataclysmic variables; X - high-mass and low-mass 
X-ray binary candidates; W - Wolf-Rayet; U - sources unidentified at the telescope. The green strips illustrate the locus occupied by 
extragalactic sources, computed assuming a power-law spectrum of photon index 1.7 and the total Galactic absorption on the line 
of sight. Lower panel: corresponding id numbers of the XGPS sources observed at the telescope. 



are surveying a volume of 6 x 10 4 pc 3 and we expect to have one 
at maximum in our sample. 



6. 1 . Log N - Log S curves 

We constructed logN(>S)-logS curves using the final XGPS 
source list limited to count rates larger than 0.5 cts/ks and 1.5 
cts/ks in the soft and hard bands respectively. This relatively 
high threshold minimizes the effects of possible uncertainties 



in the area correction (see Fig. 8 in lHands et"aTI d2004l) ) while 
keeping the flux range adapted to our optically identified sam- 
ple of bright sources. The total number of sources entering the 
log N(>S)-log S curves is of 212 for the soft band and of 129 
for the hard band. We apply the count to flux conversion fac- 
tor of 2.6xlO~ 14 ergxrrrf_s_^/MOS count ks~' for the hard band 
spectra given in lHands et al.l d2004l) . This factor roughly corre- 
sponds to an "average" spectrum in the context of both Galactic 
and extragalactic sources (Nh = lxl0 22 crrT 2 with a power law 
of photon index 1.7). 
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Since the stellar component is likely to dominate source 
counts in the soft band, we assumed a thin thermal spectrum 
with kT ~ 0.5 keV absorbed by Nh ~ 10 21 cm" 2 . These sp ectral 
parameters are typical of active stars dGuedel & Nazd 2009) ob- 
served at distances of a few hundred parsecs. The resulting flux 
conversion factor is 5.2xl0~ 15 ergcirT 2 s -1 / MOS count ks~' in 
the 0.4-2 keV band. 

As shown in Fig. 15 of lHands et all J20041) . the 2-10keV 
logN(>S)-log S XGPS curve nicely merges at hig h fluxes with 
the ASCA logN(>S)-logS dSugizaki et all 1200 lb and at faint 
fluxes with the results of a deep Chandra observatio n of a spe- 
cific field at I = 28.5° (lEbisawa et alJ I2001L 120051) (see Fig. 
[301 . We expect a non-negligible contribution from extragalac- 
tic sources in this hard band despite the large Galactic fore- 
ground absorption. In order to estimate t his fraction, we consid- 
ered both the log N(>S)-log S r elation of ICampana etall d2001b 
and that recently obtained by iMateos et alJ d2008b (using the 
three-powerlaw description). 

In the region covered by the XGPS, the mean total Galactic 
column density of ~ 9xl0 22 cm -2 is high enough to re- 
duce the normalisation of the logN(>S)-logS curve for ex- 
tragalactic sources by a factor of about two. Consequently, in 
the flux range covered by the XGPS (between 5xl0~ 14 and 
lxl0~ 12 erg cirT 2 s ; 2-10keV), the mean number of extra- 
galactic sources per square degree is only 43% of what would 
be observed at high galactic latitude. 

The X-ray bright part of the logN(>S)-log S curve of 
ICampana et alJ d200lh . most relevant for our study, is based 
on the results of the AS CA GIS medium sensit ivity survey of 
Delia Ceca etall d2001h and lUeda et al.1 d2005l) . At low flux, 
Campana et alJ d200ll) use data from several deep Chandra 



surveys. On the o ther hand, the logN(>S)-log S curve of 
IMateos et"aH d2008i) is only based on XMM-Newton measure- 
ments and being free of relative calibration uncertainties may be 
more directly comparable with our work. 

It can be seen in Fig. [30] that the curve based on ASCA 
is systematically higher by a factor of 1.2 to 2.0 than that de- 
rived from XMM-Newt on. This la r ge dis crepancy is also ex- 
emplified in Fig. 6 of IMateos et al.1 d2008l) . According to these 
authors, the reasons explaining the higher normalisation of the 
ASCA log N(>S)-log S remain unknown, since cross calibration 
uncertainties are unlikely to account for more than a 10% dif- 
ference. We may argue, however, that since the curves are based 
on serendipituous detections in the field of view of observations 
devoted to bright targets, they are necessarily difficult to correct 
for in the flux range covered by the targets. Such a bias could 
explain the difference between the two log N(>S)-log S curves 
and would then argue in favour of using the ASCA relation, 
since the targets of the ASCA pointings were in general much 
brighter than those selected for the XMM-Newton observations. 
Depending on th e assumed logN(> S)-log S curve, up to 50% 
(ASCA) or 30% dMateos et alj|2008l) of the low-latitude source 
population at Fx ^ 5 10~ 14 ergcirr 2 s _1 could be of extragalactic 
origin. At this threshold, the fraction of XGPS/2XMM sources 
with EPIC pn_HR3 and pn_HR4 consistent within 2 <j with that 
expected from an extragalactic source is ~ 50 + 8%. Given that 
this must represent an upper limit on the fraction of extragalactic 
sources contaminating the sample (since distant galactic sources 
will have hardness ratios largely indistinguishable from extra- 
galactic objects) it strongly suggests that at least half of the hard 
sources are indeed of Galactic origin. 

At a higher flux of Fx~ 10~ 12 ergcirr 2 s _1 , the relative con- 
tribution of AGNs decreases to ~ 10% in a greement with result s 
from the ASCA Galactic Plane Survey dSugizaki et all 120011) . 
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Fig. 30: The logN(>S)-logS curve of XGPS sources in the hard 
band. Error bars represent the one sigma counting statistics. 
At faint fluxe s, the 90% confidenc e region of the logN(>S)- 
log S curve of Ebisa wa et al ] (120011) is shown in magenta. The 
dash-dotted blue curve represents the expected extragalactic 
contributi on assuming a mean Nh of 9.0 x 10 2 2 cm~ 2 . Thin 
line: a fter Campana et al.l d200ll) . Thick line: after IMateos et al.l 
(120081) . 



albeit with a close to 100% upper limit owing to the large uncer- 
tainty caused by small number statistics. The exact contribution 
of extragalactic and Galactic sources is also made somewhat un- 
certain by the intrinsic scatter of the count to flux conversion 
resulting from the variety of photo-electric absorptions and in- 
trinsic spectral shapes. 

We investigated how the likely distribution of the intrinsic 
spectra and photoelectric absorptions of Galactic X-ray sources 
would affect the hard X-ray logN(>S)-logS curves. For that 
purpose, we computed the distribution of the 2-6 ke V count to 
2-10keV flux conversion factors assuming powerlaw indices 
evenly distributed between 1.3 and 2.1 and Zog(Ne) in the range 
of 21.5 to 22.5. Assuming a constant ISM density and a Galactic 
radius of 14kpc, a log(Nn) of 22.5 is reached at ~ 6.5 kpc. 
We assumed that this value was representative of the limit- 
ing distance of our survey. Our most absorbed source XGPS-3 
(and probably most luminous apart form XGPS-1) also exhibits 
log(Nft) ~ 22.5. This "flat" distribution of spectral parameters 
yields a rms scatter of 15% on the conversion factor. With the 
logN(>S)-logS slopes found here, the corresponding errors on 
the integrated surface densities of Galactic sources remain of 
the same order and become comparable to counting errors for 
the total Galactic + extragalactic curve near our faint flux limit. 
The effect should thus be relatively small and in the absence of 
good knowledge of the true Nh and spectral shapes exhibited by 
hard Galactic sources one cannot estimate more precisely how 
the expected scatter of spectral parameters impacts the Galactic 
logN(>S)-logS curves. 

We also tried to estimate the consequences of assuming 
a common mean count to flux conversion factor for both 
Galactic and extragalactic sources. For instance, removing the 
ASCA logN(>S)-logS seen through the mean survey Nh of 
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9xl0 22 crrT 2 from the hard MOS count distribution rises 
the expected number of hard Galactic sources brighter than 
lxlCT 13 ergcirT 2 s _1 and 5xlO _14 ergcnT 2 s _1 to values com- 
parable to those obtained assuming the Mateos extragalac- 
tic logN(>S)-logS and the count to flux conversion factor of 
Hands et al. (2004). However, the size of the effect will also de- 
pend on ISM dumpiness and on the intrinsic scatter of the AGN 
spectral parameters. 

In the soft 0.4-2. OkeV band, we have available the 
ROS AT X-ray ex tr agal actic logN(>S)-logS curve reported 
bv lHasinger et al] (| 19981) and at faint flux levels that in 
Cam pana et al.l d2001l) . However, the effect of the integrated 
Galactic photoelectric absorption is so large in this case that the 
expected number of AGN detectable at the XGPS flux level is 
several orders of magnitude below the observed soft log N(>S)- 
log S curve. We thus expect virtually no extragalactic "contami- 
nation" in the 0.4-2. OkeV band. 

In order to illustrate the relative contributions of the various 
classes of identified source to the total Galactic population, we 
plot in Fig. [3T|the soft and hard band logN(>S)-logS curves 
corrected for the contribution of AGN s using for the hard band 
the log N(>S)-log S curve of ASCA. We define here as stars all 
sources with a positive or tentative stellar spectroscopic identi- 
fication i.e. with classes AC or AC?? in Tab. [8] We also con- 
sider those XGPS sources having an individual probability of 
identification with a USNO-B1.0 or a 2MASS entry greater than 
90% (corresponding to a ~ 1% level of spurious associations) 
and 50%. At this later threshold, we expect the sample to be ~ 
80% complete but with 20% of spurious matches in the sam- 
ple. In other words, although we do not know which sources are 
actually identified with a USNO-B1.0 or a 2MASS entry, the 
total number of matches over the whole sample will be approxi- 
mately correct. We also note that at the flux limit used here, only 
85% of the XGPS sources entered in the logN(>S)-logS curve 
have a corresponding entry in the 2XMM catalogue and were 
thus searched for a possible candidate USNO-B1.0 or 2MASS 
identification. The true fraction of statistically plus spectroscopi- 
cally identified sources should thus be slightly higher than shown 
on Fig.[3T|by the dashed lines. The fact that the source density 
of bright 2.0-10keV X-ray sources identified by spectroscopic 
or statistical means appears comparable to that expected for the 
Galactic population only, suggests that many of the hard XGPS 
sources discarded from the optical follow-up campaign on the 
basis of their too faint optical counterparts are indeed of extra- 
galactic nature. 

We use d the maximum l ikelih ood methods o flCrawford et alJ 
d 19701) and lMurdochet alJ (1 19731) to constrain the slopes of the 
'Galactic only' logN(>S)-logS curves. The hard X-ray slope 
appears consistent with Euclidean (a = -1.46+0.14) and is 
clearly at variance with that obtai ned from the ASC A Galactic 
Plane Survey (a = -0.79 ± 0.07: ISugizaki et alj200lT) in the flux 
range of 10~ 10 to 10~ 12 ergc irT 2 s" 1 . This steepening was also 
noted in Hand s et al. (2004). Such a quasi-Euclidean distribu- 
tion suggests that the hard sources detected in the XGPS flux 
regime are relatively homogeneously distributed and do not suf- 
fer too much from absorption effects. On the other hand, the 
soft X-ray logN(>S)-logS is found to be less steep with a = 
-1.26+0.10. This value is consistent with those reported for 
other shallow o r medium deep soft X- ray Galactic surveys (a 
= -1.10 + 26:lHertz & Grindlavl [T984l) and {a = -1.05 + 0.13; 
iMotchet al.lll997l) . 

We list in Tab. [7] the identification statistics based on spec- 
troscopic work for various classes of source and also positional 
coincidence with bright USNO-B1.0 and 2MASS entries. The 



table also gives estimates of the true number of Galactic sources 
by removing the expected extragalactic contribution using the 
extragalactic log N(>S)-log S curves. In this table, the two tenta- 
tive stellar identifications (XGPS-34 and XGPS-63) are included 
in the group of active coronae. 

In the soft band, we spectroscopically identify all sources 
down to a flux of 2.7xl0~ 14 ergcirT 2 s with ~ 17% repre- 
senting XRBs candidates and CVs. Adding USNO-B1.0 and 
2MASS 90% probability matches allows us to build a com- 
pletely identified sample down to 2.3xlO~ 14 ergcrrT 2 s~ 1 . At 
Fx = lxl0~ 14 ergcirT 2 s _1 , the fraction of sources identified by 
spectroscopic or statistical means is still high, of the order of ~ 
75%. At this flux, XRB candidates and CVs contribute only ~ 
10% of the total number of sources. 

The census of optical identifications in the hard X-ray band 
remains good down to a flux level of ~ lxl0~ 13 ergcirT 2 s _1 
at which we identify one third of the total number of sources 
and ~ 70% of the expected number of Galactic sources (as- 
suming the extragalactic ASCA logN(>S)-log S). Above Fx = 
2xl0~ 13 ergcirT 2 s -1 , we identify about half of the total num- 
ber of sources. The relative fraction of solar-type stars and 
XRB candidates plus CVs are reversed compared to what is 
observed in the soft band, with typically 10% of the expected 
number of non-extragalactic sources being identified with a stel- 
lar corona and ~ 40% with a XRB candidate or a CV at Fx > 
lxl0~ 13 ergcirT 2 s -1 . 



Table 7: Source identification statistics as a function of flux 
threshold. 
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7. Discussion and Conclusions 

We have successfully identified at the telescope a large num- 
ber of the brightest X-ray sources detected in the XGPS survey. 
In addition, we were able to increase the number of identifica- 
tions by cross-correlating X-ray positions with the USNO-B 1 .0 
and 2MASS catalogues thanks to a carefully calibrated statis- 
tical method. The bulk of these statistical identifications with 
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Fig. 3 1 : Soft and hard XGPS log N(>S)-log S curves after subtracting the ASCA extragalactic contribution (EG) (thick black lines). 
The contribution of different categories of source are also shown as follows: identified stars (red, see text); accreting candidates 
(green); and all identified (blue). The dashed lines show the result of also including matches with USNO-B1.0 and 2MASS which 
have probabilities larger than 90% to the assumed stellar (red) and total (blue) identifications. The upper magenta dashed line shows 
the sum of all spectroscopically identified sources added to sources with an individual probability > 50% to be positively associated 
with a USNO-B1.0 or 2MASS entry. 



relatively bright optical or near infrared objects are likely stellar 
coronae based on their soft X-ray spectra. However, our opti- 
cal campaign has demonstrated that some of them, in particular 
those exhibiting the hardest X-ray energy distributions, might 
be massive stars exhibiting particularly hard X-ray emission. 
Our optical spectroscopic follow-up observations have also con- 
firmed the variety of the astrophysical objects contributing to 
the low to medium X-ray luminosity population of Galactic X- 
ray sources. We spectroscopically identify a total of 16 solar- 
type active stars, mostly among the softest X-ray sources with 
a high fraction of late Me stars. Furthermore, two early B type 
stars appear as the probable counterparts of some of our bright 
XGPS sources. We have discovered a total of three new cata- 
clysmic variables with optical magnitudes in the range of ~ 23- 
22 and 0.5-10keV fluxes from 0.7 to 4.7xlO" 13 ergcm- 2 s I . 
Four sources can qualify as massive X-ray binary candidates on 
the basis of hard X-ray emission and of the presence in the error 
circle of an early type star exhibiting Ha emission. The optical 
counterpart of XGPS-3 is likely to be an hyper-luminous star 
possibly as bright as tj Carinae. We also report the discovery of 
an X-ray selected Wolf-Rayet star. The brightest source of our 
sample, XGPS-1 is a known transient Low-Mass X-ray Binary 
exhibiting a bursting behaviour. The bright optical magnitude 
and unusual Bowen CIII-NIII emission of XGPS-25 might be 
the signature of a Low-Lass X-ray Binary in quiescence, al- 
though the observational picture could also be consistent with 
a rare type of CV. The main findings of our work can be summa- 
rized as follows: 

1. In the 2-10keV flux range from 10~ 12 to 10~ 13 erg cm s , 
we positively identify a large fraction of the hard X-ray 



sources with Galactic objects at a rate consistent with that 
expected for the Galactic contribution only. We note, how- 
ever, that the diversity of the observed X-ray spectra makes 
the count to flux conversion somewhat uncertain. Moreover, 
different normalisations of the extragalactic log N(>S)-log S 
curves are proposed in the literature. Taken together, these 
two issues do not allow a precise estimate to be made of the 
fraction of Galactic sources. However, based on hardness ra- 
tio considerations, we find that about half of the hard XGPS 
sources are likely Galactic objects, in rough agreement with 
the number estimated by subtracting the extragalactic ASCA 
logN(>S)-logS curve from the relation obtained using the 
whole XGPS sample. At the faintest hard X-ray flux consid- 
ered in our study of Fx = 5 x 1 0~ 14 erg cirT 2 s~ 1 , we still iden- 
tify spectroscopically or statistically between 30% and 50% 
of the 'Galactic fraction' of the hard X-ray sources. Since 
most of the identifications at the faint flux end rely on co- 
incidence in position with a bright optical or infrared candi- 
date, the nature of this optically bright population remains 
somewhat uncertain. However, drawing on the spectroscopic 
identifications of the optically bright X-ray brightest objects, 
we expect them for the most part to be made of particularly 
active late type stars and of early type stars. 
2. The soft X-ray band is completely dominated by coronally 
emitting stars with CVs contributing only a small percent- 
age of the identifications. We identify all sources down to 
Fx~3xlO~ I4 ergcrrT 2 s . With a mean integrated Galactic 
Nh of ~ 9xl0 22 crrT 2 the background of extragalactic 
sources is completely screened out by line-of-sight absorp- 
tion. Although the small number statistics does not allow us 
to draw robust conclusions, it seems that a larger number of 
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faint Me stars is present in the XGPS survey than was identi- 
fied in the ROSAT Galactic Plane Survey. Such an evolution 
is in rough agreement with the prediction of X-ray stellar 
population models. 

3. A few relatively bright active coronae do contribute signif- 
icantly above 2keV. This probably indicates unusually high 
temperatures for the hottest of the two thin thermal com- 
ponents generally needed to represe nt the X-ray spectra o f 
active stars (see a recent review in iGuedel & Nazd feOOS*). 
The observation of open clusters and field stars of differ- 
ent ages has established clear relations between stellar age, 
X-ray luminosity and temperature. For instance, the young 
stars in Orion (age < 1 Myr) require on average kT\ ~ 
0.8 keV and kT 2 ~ 2.9 keV, while those of the ~ 160 Myr 
old stars in NGC 2516 have a lready dropped t o kT\ ~ 
0.5keVand£r 2 ~ 1.7keV (see ISung et aljkood and ref- 
erences therein). In contrast, the population of X-ray bright 
stars identified in the high gal actic latitude XMM-Newton 
Bright Serendipitous Survey by Lo pez-Santiago et"aTI (2007) 
is well characterized by kT\ ~ 0.3 keV and kT 2 ~ l.OkeV, 
indicating a significantly older age on average. The hard X- 
ray coronae unveiled in the XGPS are thus likely to be very 
young stars in agreement with the predictions of X-ray stel- 
lar populations models. However, a fraction of these hard 
X-ray emitting stars may also be active binaries, mainly of 
the RS CVn type. Close binaries in which rotation and coro- 
nal activity is maintained by tidal synchronisation do amount 
to about one third o f the ROSAT/Tycho-2 sample of stars 
(lGuilloutetal.ll2009l) . 

4. The hard X-ray source population has a strong component 
made of early-type stars exhibiting enhanced emission from 
a hard X-ray component. The physical mechanism respon- 
sible for the hard X-ray excess is unclear but could be re- 
lated to wind collisions in the case of the Wolf-Rayet star 
counterpart of XGPS- 14 and for the likely hyper-luminous 
star associated with XGPS-3, which shares several similari- 
ties with rj Carinae. XGPS-36 is another example of an early 
Be star containing a well developed circumstellar disc and 
exhibiting thin thermal X-ray emission with typical tempera- 
tures of ~ 1 ke V, much hotter than usually measured for nor- 
mal OB stars in which shocks in the high-velocity radiation- 
pressure driven wind are responsible for the X-ray emission. 
The origin of the relatively modest X-ray emission (Lx ~ 
1032-33 er g S -i) remains a matter of lively debate. Two dis- 
tinct mechanisms have been proposed, mainly in the con- 
text of y-Cas, namely accretion on a companion star, most 
probably a white dwarf, or magnetic interaction between the 
early-type star and its decretion disc. XGPS-36 is the eighth 
identified member of the growing class of y-Cas analogs, and 
the fourth found so far in XMM-Newton observations of the 
Galactic Plane. 

Our optical spectroscopic campaign has successfully un- 
veiled the nature of the Galactic sources in the hard X-ray flux 
interval between 10~ 12 and 10~ 13 ergcrrT 2 s . This Fx range 
corresponds to the faintest flux limit covered by the ASCA 
Galactic Plane Survey but still remains between one and two or- 
ders of magnitudes above the sensitivity reached by the deepest 
Chandra pointings. Our identified sample of hard X-ray sources 
mainly consists of massive stars, possible X-ray binary candi- 
dates and CVs with X-ray luminosities in the range of Lx~ 10 32 
to 10 34 ergs~' and located within a few kpc from the Sun. At 
first glance, the nature of the "local" population of hard X-ray 
sources does not differ from that inferred from infrared follow- 



up imaging of deep Cha ndra pointings in the direction of the 
Galactic Centre (see e.g. iMauerhan et aTl 12009. and references 
therein). However, the relative numbers of the various classes 
might well be quite different. Our work also illustrates the diffi- 
culty of optically identifying sources in this Fx range, especially 
the cataclysmic variables as well as the importance of having 
arcsecond positions so as to alleviate the confusion issue. 
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Table 8: Optical identifications of th e brightest XGPS so urces. All coordinates are given in J2000. For each XGPS-id source, we list 
the corresponding XGPS-I entry in lHands et al.l d2004l) . the matching 2XMM entry and its combined multi-detection coordinates 
(when available) and the position of the optical identification. The 90% confidence e rror radius, rgo, is that of the 2XMM entry, 
while a constant value of 4" is assumed for XGPST only entries ( lHands et al.l 12004). d x-o is the offset of the proposed optical 
counterpart from the 2XMM (or XGPS-I) position. MOS count rates refer to the broad (0.4-6.0 keV) band and the hardness ratios 
are those of the original XGPS processing. In the Class column , AC stands for active coronae. R magnitudes are extracted from the 
optical catalogue identifications, apart from sources 9, 10, 13 , 15 and 24 for which R is estimated from the flux calibrated spectra. 



XGPS 


XGPS-I name 


XGPS 


2XMM name 


2XMM 


Optical 


'90 


d x-o 


MOS cnts 


HR 


Class 


R 


Type 


Optical Id 


id 






RA 


DEC 






RA 


DEC 


RA 


DEC 


arcsec 


arcsec 


cts/ksec 


(MOS) 










1 


XGPS 


-1 J 182833- 103659 


18 28 33.96 


-10 36 59.5 


2XMM J 1 82833.7- 


103700 


18 28 33.72 


-10 37 00.5 






2.16 




427.00 


0.91 


LMXB 








2 


XGPS 


■I J182845-1 11711 


18 28 45.94 


-11 17 11.0 


2XMM Jl 82845.5- 


111710 


18 28 45.51 


-11 17 10.3 


18 28 45.48 


-11 17 10.7 


1.32 


0.50 


78.50 


-0.86 


AC 


11.71 


Mle 


GSC2 S3003020461 


3 


XGPS 


■I J 183208-093906 


18 32 08.93 


-09 39 06.2 


2XMM Jl 83208.7- 


093905 


18 32 08.78 


-09 39 05.4 


18 32 08.94 


-09 39 06.0 


2.33 


2.45 


68.80 


0.79 


HMXB? 


16.80 


Be? 


GSC2 S300302241761 


5 


XGPS 


■I J 182856-0954 13 


18 28 56.04 


-09 54 13.5 


2XMM J182855.9- 


095414 


18 28 55.96 


-09 54 14.1 






1.73 




44.60 


0.86 


UNID 








6 


XGPS 


■I J182847-101334 


18 28 47.76 


-10 13 34.6 


2XMM Jl 82847.6- 


-101337 


18 28 47.69 


-10 13 37.8 


18 28 47.71 


-10 13 35.5 


1.76 


2.32 


39.70 


-0.97 


AC 


8.60 


GOV 


HD 170248 


7 


XGPS 


-I J182524-1 14525 


18 25 24.48 


-11 45 25.1 


2XMM J 1 82524.5- 


-114525 


18 25 24.58 


-11 45 25.2 






2.26 




31.50 


0.67 


UNID 








g 


XGPS 


■I J 183038- 100248 


18 30 38.11 


-10 02 48.6 


2XMM J 1 83038.2- 


100246 


18 30 38.24 


-10 02 46.5 






2.29 




26.70 


0.68 


UNID 








9 


XGPS 


■I J183251-100106 


18 32 51.65 


-10 01 06.7 


2XMM J 18325 1.4- 


100106 


18 32 51.48 


-10 01 06.0 


18 32 51.58 


-10 01 05.4 


2.34 


1.55 


25.20 


0.27 


CV 


21.57 




A 


10 


XGPS 


■I J182745-120606 


18 27 45.55 


-12 06 06.8 










18 2745.40 


-12 06 06.6 


4.00 


2.20 


24.10 


0.56 


HMXB? 


21.60 


Be 


A 


1 1 


XGPS 


■I J182506-120433 


18 25 06.85 


-12 04 33.6 


2XMM J 1 82506.7- 


-120430 


18 25 06.73 


-12 04 30.3 


18 25 06.87 


-12 04 29.6 


2.63 


2.14 


17.60 


0.15 


AC 


13.43 


K0 


GSC2 S3001 1 1014094 


13 


XGPS 


-I J182757-120941 


18 27 57.24 


-12 09 41.6 










18 27 58.03 


-12 09 40.6 


4.00 


11.60 


16.10 


-0.72 


AC 


9.40 


G5 


TYC 5698-611-1 


14 


XGPS 


■I J 1 83 116-1 0092 1 


18 31 16.51 


-10 09 21.2 


2XMM J 1 83 1 16.5- 


100926 


18 31 16.55 


-10 09 26.3 


18 31 16.51 


-10 09 24.3 


2.04 


2.03 


14.90 


0.69 


WR 


13.34 


WN8 


USNO-A2.0 0750-13397443 


15 


XGPS 


-I J182814-103728 


18 28 14.23 


-10 37 28.9 


2XMM J 1828 14.2- 


-103726 


18 28 14.22 


-10 37 26.8 


18 28 14.30 


-10 37 28.8 


3.07 


2.31 


14.40 


0.86 


HMXB? 


20.30 




2MASS J18281430-1037288 


16 


XGPS 


■I J183035-102105 


18 30 35.91 


-10 21 05.9 


2XMM J 1 83035.7- 


102102 


18 30 35.71 


-10 2102.8 


18 30 35.85 


-10 21 04.4 


2.22 


2.67 


14.20 


-0.92 


AC 


13.31 


M4e/M5 


GSC2 S300302320885 


17 


XGPS 


■I J182625-1 12854 


18 26 25.73 


-11 28 54.0 


2XMM J 1 82626.7- 


-112854 


18 26 26.74 


-11 28 54.3 






2.31 




13.80 


0.81 


UNID 








18 


XGPS 


-I J182756-1 10450 


18 27 56.84 


-11 04 50.9 


2XMM J 1 82756.7- 


110448 


18 27 56.80 


-11 04 48.1 






2.32 




11.30 


0.91 


UNID 








19 


XGPS 


-I J182951-100441 


18 29 51.57 


-10 04 41.0 










18 29 51.77 


-10 04 45.9 


4.00 


5.70 


10.90 


-1.00 


B 


15.40 


-B 


USNO-A2.0 0750-13320307 


20 


XGPS 


■I J182639-114216 


18 26 39.76 


-1142 16.4 


2XMM J 1 82639.6- 


114216 


18 26 39.69 


-11 42 16.1 


18 26 39.56 


-11 42 14.9 


2.44 


2.28 


10.60 


-0.78 


AC 


13.74 


M2e 


GSC2 S3001 11036891 


21 


XGPS 


■I J183103-095813 


18 31 03.69 


-09 58 13.5 


2XMM J 183 103.7- 


095813 


18 31 03.73 


-09 58 13.6 


18 31 03.73 


-09 58 17.7 


3.02 


4.07 


10.20 


-0.47 


AC 


16.92 


M6e 


GSC2 S30030222700 


22 


XGPS 


■I J 18303 1-094030 


18 30 31.99 


-09 40 30.5 


2XMM J 18303 1.9- 


-094030 


18 30 31.92 


-09 40 30.8 






1.79 




10.00 


1.00 


UNID 








23 


XGPS 


-I J183017-095326 


18 30 17.12 


-09 53 26.3 


2XMM J183017.0- 


095326 


18 30 17.03 


-09 53 26.3 


18 30 17.01 


-09 53 27.0 


1.64 


0.77 


9.40 


-0.44 


AC 


14.84 


M2e 


GSC2 S30030226319 


24 


XGPS 


■I J 183 11 3-094924 


18 31 13.12 


-09 49 24.5 


2XMM J 183 1 13.0- 


-094922 


18 31 13.03 


-09 49 22.6 


18 31 13.02 


-09 49 25.4 


2.80 


2.80 


9.20 


0.20 


CV 


21.60 




B 


25 


XGPS 


-I J182854-1 12656 


18 28 54.86 


-11 26 56.1 


2XMM J 1 82854.6- 


112656 


18 28 54.68 


-11 26 56.2 


18 28 54.50 


-11 26 56.2 


2.75 


2.69 


8.80 


0.18 


LMXB? 


15.87 




USNO-B 1.0 0785-0417035 


27 


XGPS 


■I J18291 1-105544 


18 29 11.61 


-10 55 44.9 


2XMM J 1829 11. 6- 


-105545 


18 29 11.62 


-10 55 45.4 


18 29 11.46 


-10 55 47.1 


2.62 


2.81 


8.50 


-0.76 


AC 


17.84 


M5e 


GSC2 S30030233935 


28 


XGPS 


■I J182827-1 1 1751 


18 28 27.77 


-11 17 51.8 


2XMM J 1 82827.5- 


111749 


18 28 27.51 


-11 17 50.0 






1.81 




8.40 


0.67 


UNID 








29 


XGPS 


-1 J182740-1 13955 


18 27 40.40 


-11 39 55.3 


2XMM J182740.3- 


-113953 


18 27 40.37 


-11 39 53.7 


18 27 40.40 


-11 39 52.6 


1.47 


1.21 


7.60 


-0.83 


AC 


17.05 


M5e 


GSC2 S3001 11038707 


30 


XGPS 


■I J182740-102812 


18 27 40.08 


-10 28 12.4 


2XMM J 1 82740.0- 


102811 


18 27 40.00 


-1028 11.1 


18 27 40.08 


-10 28 11.8 


2.73 


1.27 


7.40 


-0.86 


AC 


13.65 


Mle 


GSC2 S300302037679 


31 


XGPS 


I J182930-105926 


18 29 30.87 


-10 59 26.3 


2XMM J 1 82930.8- 


-105927 


18 29 30.87 


-10 59 27.9 






2.97 




7.30 


0.65 


UNID 








33 


XGPS 


-I J 182628- 120922 


18 26 28.66 


-12 09 22.5 


2XMM J182628.3- 


-120926 


18 26 28.32 


-12 09 26.2 


18 26 28.48 


-12 09 25.5 


3.07 


2.47 


6.90 


-0.86 


AC 


13.70 


KO 


GSC2 S3001 11332915 


34 


XGPS 


■I J183236-101144 


18 32 36.64 


-10 11 44.8 


2XMM J 1 83236.3- 


101146 


18 32 36.39 


-10 1146.9 


18 32 36.16 


-10 1144.6 


2.96 


4.15 


6.90 


0.75 


AC?? 


14.01 


Kl 


GSC2 S300302326629 


36 


XGPS 


■I J183015-104538 


18 30 15.94 


-10 45 38.5 


2XMM J183015.8- 


■104538 


18 30 15.81 


-10 45 38.5 


18 30 15.94 


-10 45 38.4 


2.67 


1.94 


6.60 


0.89 


HMXB? 


12.74 


Be 


GSC2 S300302371 


42 


XGPS 


■I J182833-102652 


18 28 33.60 


-10 26 52.0 


2XMM J 182833. 3- 


102650 


18 28 33.38 


-10 26 50.9 






2.72 




5.90 


0.47 


UNID 








45 


XGPS 


-I J182746-1 10255 


18 27 46.33 


-11 02 55.1 


2XMM J 182746. 1 - 


110250 


18 27 46.20 


-11 02 50.7 






1.89 




5.60 


0.21 


UNID 








46 


XGPS 


■I J183124-104751 


18 31 24.77 


-10 47 51.5 


2XMM J 183 124.7- 


■104748 


18 31 24.70 


-10 47 48.2 


18 31 24.70 


-10 47 46.0 


3.05 


2.16 


5.60 


-1.00 


AC 




B9V 


BD-10 4713B 


47 


XGPS 


■I J182553-112713 


18 25 53.86 


-11 27 13.0 


2XMM J 1 82554.7- 


112711 


18 25 54.76 


-11 27 11.6 






2.52 




5.50 


0.92 


UNID 








49 


XGPS 


-I J182703-113714 


18 27 03.66 


-11 37 14.1 


2XMM J182703.7- 


■113713 


18 27 03.75 


-11 37 13.5 


18 27 03.86 


-11 37 13.9 


1.98 


1.65 


5.36 


-0.21 


AC 


15.49 


G9 


GSC2 S3001 11041 110 


55 


XGPS 


■I J182813-103808 


18 28 13.84 


-10 38 08.7 


2XMM J 1828 13.8- 


103808 


18 28 13.84 


-10 38 08.1 


18 28 13.82 


-10 38 10.6 


3.53 


2.56 


5.00 


-0.83 


AC 


15.91 


M4e 


GSC2 S300302033754 


56 


XGPS 


■I J182828-102357 


18 28 28.14 


-10 23 57.3 


2XMM J182827.9- 


■102359 


18 28 27.95 


-10 23 59.1 


18 28 28.13 


-10 24 02.2 


2.75 


4.11 


4.90 


0.84 


B 


14.78 


B3 


GSC2 S300302038718 


57 


XGPS 


-I J 182938-094900 


18 29 38.87 


-09 49 00.8 


2XMM J182938.8- 


■094857 


18 29 38.85 


-09 48 57.6 






5.71 




4.90 


-0.15 


UNID 








60 


XGPS 


•I J18251 1-115726 


18 25 11.68 


-11 57 26.3 


2XMM J 1 825 1 1.5- 


115726 


18 25 11.56 


-11 57 27.0 


18 25 11.56 


-11 57 26.2 


3.49 


0.78 


4.80 


-0.74 


AC 




A9 


TYC 5698-4833 -1 


63 


XGPS 


-I J 182607- 120627 


18 26 07.17 


-12 06 27.0 


2XMM J 1 82606.9- 


-120626 


18 26 06.95 


-12 06 26.7 


18 26 07.18 


-12 06 25.2 


3.08 


3.66 


4.70 


-0.31 


AC?? 


16.02 


A8 


GSC2 S3001 11013026 


65 


XGPS 


■I J182614-1 10549 


18 26 14.69 


-11 05 49.6 


2XMM J182614.4- 


-110548 


18 26 14.46 


-11 05 48.1 


18 26 14.42 


-11 05 50.2 


2.78 


2.14 


4.50 


0.11 


CV 


19.41 




USNO-B 1 .0 0789-0404378 


69 


XGPS 


■I J 182706- 11 2437 


18 27 06.40 


-11 24 37.4 


2XMM J 182706.3- 


112436 


18 27 06.30 


-11 24 36.4 






2.03 




4.20 


0.93 


UNID 
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Table 9: Additional cross-identifications of optically identified XGPS sources. 



XGPS id 


XGPS-I name 


Identifications 


1 


XGPS-IJ182833-103659 


SAXJ1828.5-1037 


2 


XGPS-IJ182845-111711 


AXJ182846-1116 


3 


XGPS-I J 183208-093906 


AX J1832.1-0938, DENISJ183208.4-093905, 2MASS 18320893-0939058, 






IRAS 18293-094, NVSS 183209-093907, GPSR 22.154-0.154 


14 


XGPS-I J1831 16-100921 


AX J1831 16-1008, DENIS J183116.5-100924,2MASS 18311653-1009250, 






SSTGLMA G021.6064-00.1970 


15 


XGPS-I J182814-103728 


SSTGLMA G020.8457+00.2476 


25 


XGPS-I J 182854- 11 2656 


GSC2S300111083138, DENIS J182854.6-1 12655, 2MASS 18285460-11265612 


36 


XGPS-I J183015-104538 


USNO-A2.0 0750-13340834, 2MASS 18301593-1045384, SSTGLMA G020.9564-00.2565 



Table 10: Summary of X-ray spectral fits. N H are in units of 10 22 cm 2 . All errors are 90% confidence level. 



XGPS 


EPIC 


Nbr of source 


Model 




Fit 


Fits results 


id 


Cameras 


photons 






Quality 




3 


MOS1&2 


569 


phabs*powerl 




C=37.8/40dof 


N H =2.69--;r=1.45!»- 


3 


MOS1&2 


569 


phabs*mekal 




C=53.7/41 dof 


N H =3.8 (fixed); kT=4.2± 0.6 keV 


9 


pn 


177 


tbabs*mekal (kT= 


: 20 keV fixed) 


^ 2 =13.3/lldof 


N H ~ 0.8 


14 


pn + MOSl&2 


362 


phabs*mekal 




C=67.8/57 dof 


N H =5.21 + !-|; kT=2.14+'^keV 
N H =5.34:j| ; r=2.9i:°f 


14 


pn + MOSl&2 


362 


phabs*powerl 




C=86.5/57 dof 


15 


pn + MOSl&2 


279 


phabs*powerl 




C=3 1.8/28 dof 


Nh=7.8!«; r=2.4:[-5 


24 


pn 


54 


tbabs*mekal (kT= 


=5keV fixed) 


N/A 


N H = 0.2-2.4 


25 


pn + MOSl&2 


110 


phabs*mekal 




C=21. 6/31 dof 


N H =0.48 + ^;kT>10keV 


25 


pn + MOSl&2 


110 


phabs*powerl 




C= 12.5/12 dof 


N H =0.39^;r=1.07^ 


65 


pn 


54 


tbabs*mekal (kT= 


=5keV fixed) 


N/A 


N H =0.8-2.4 



